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(57) The invention seeks to provide a high-quality 
display free from nonuniformities. Subpixels 120a, 
1 20b, and 1 20c are arranged at the respective intersec- 
tions of 3m scanning lines 112 extending in the X direc- 
tion and n data lines 114 extending in the Y direction, 
and the subpixels 120a, 1 20b, and 1 20c adjacent in the 
Y direction are grouped together as a pixel 1 20 in a driv- 



ing operation. In a first mode, the subpixels forming the 
one pixel are individually turned on and off in response 
to gray scale data indicating the gray scale of the pixel. 
In a second mode, the subpixels forming the one pixel 
are supplied with a common voltage in response to the 
gray scale data indicating the gray scale of the pixel. In 
this way, the signal supplied to the data lines is binary 
regardless of the first mode or the second mode. 
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Description 

[0001] The present invention relates to a driving meth- 
od for driving an electro-optical device presenting a 
high-quality gray scale display, a driving circuit for driv- s 
ing the electroopitcal device, the electro-optical device, 
and electronic apparatus. 

[0002] The electro-optical devices refer to ones that 
present a display by means of an electro-optical change 
in an electro-optical material. The electro-optical mate- 
rials include a liquid crystal, an electroluminescence, a 
phosphor, a gas, etc. For example, the liquid-crystal de- 
vice employing the liquid crystal has the following con- 
struction. Conventional liquid-crystal devices include a 
matrix of pixel electrodes, an element substrate having 
switching elements respectively connected to the pixel 
electrodes, a counter substrate having a counter elec- 
trode opposed to the pixel electrodes, and a liquid crys- 
tal as an electro-optical material encapsulated between 
the two substrates. 

[0003] In this arrangement, a switching element be- 
comes conductive when applied with a scanning signal 
at an on level through a scanning line. When a pixel elec- 
trode is applied with a voltage signal responsive to a 
gray scale through a data line with the switching element 
in an on state, the capacitor of a liquid crystal sand- 
wiched between the pixel electrode and the counter 
electrode stores charge responsive to the voltage sig- 
nal. Even when the switching element is turned off sub- 
sequent to charge storage, the accumulated charge in 
the liquid crystal is maintained by the capacitance of the 
liquid crystal itself and a storage capacitor. Each switch- 
ing element is driven in this way and the stored charge 
is controlled in response to the gray scale. The orienta- 
tion state of the liquid crystal changes accordingly, caus- 
ing a density to change in each pixel, and thereby pre- 
senting a gray scale display. 

[0004] Since the voltage signal applied to the data line 
is a voltage responsive to the gray scale, namely, an 
analog signal, the display is subject to a nonuniformity 
due to unevenness in element characteristics and wiring 
resistance. 

[0005] In one technique called area gray scale meth- 
od, a single pixel is split into a plurality of subpixels and 
the subpixels are turned on and off to present a gray 
scale display. Since the subpixels are simply turned on 
and off in the area gray scale method, the voltage signal 
applied to the data line is binary. The use of the binary 
signal is less subject to display nonuniformity resulting 
from unevenness in the element characteristics and wir- 
ing resistance. However, in the area gray scale method, 
the number of gray scale levels is 2 k when a single pixel 
is split into k subpixels, and a display of gray scale levels 
larger than 2 k is not possible. 

[0006] Accordingly, the present invention has been 
developed, and it is an object of the present invention 
to provide an electro-optical device which switches as 
appropriate between a display using an area gray scale 



method and a display of multi-level gray scale having a 
number of gray scale levels greater than the number of 
gray scale levels defined by the number of split subpix- 
els. It is also an object of the present invention to provide 
a driving method for driving the electroopitcal device, a 
driving circuit for driving the electro-optical device, an 
electro-optical device, and electronic apparatus. 
[0007] The present invention in one embodiment re- 
lates to a driving method for driving an electro-optical 
device in which subpixels are arranged at each of the 
intersections of scanning lines running in the direction 
of rows and data lines running in the direction of columns 
and a plurality of subpixels adjacent to each other are 
grouped as a single pixel in the driving thereof. The driv- 
ing method includes the steps of turning on and off each 
subpixel of the single pixel in response to gray scale da- 
ta indicating the gray scale of the pixel in a first mode, 
and presenting common gray scale on the subpixels of 
the single pixel in response to the gray scale data for 
the pixel in a second mode. 

[0008] In accordance with the driving method, a dis- 
play using the area gray scale method in response to 
the on and off state of the subpixel is performed on the 
pixel in the first mode. In the second mode, a gray scale 
display is presented with the subpixels constituting the 
single pixel having the same density. For this reason, 
the number of gray scale levels in the second mode is 
not dependent on the number of subpixels constituting 
a single pixel. When a picture presenting a moving ob- 
ject or a landscape is displayed, the second mode may 
be selected and a display with many more number of 
gray scale levels may be enjoyed. A separate determi- 
nation mechanism may be employed to select between 
the first mode and the second mode, by accounting for 
a variety of conditions (including the quality of an image, 
the remaining power in a battery, and the state of oper- 
ation), or a user may manually select between the first 
mode and the second mode. 

[0009] In the driving method of the electro-optical de- 
vice, in the first mode, the subpixel at an intersection of 
a selected scanning line is preferably turned on and off 
in response to a corresponding bit of the gray scale data 
of the pixel including the subpixel. In the first mode, the 
subpixel is supplied with a bit indicating on or off oper- 
ation, namely, a binary signal, and the electro-optical de- 
vice is less subject to the effect of unevenness in ele- 
ment characteristics and wiring resistance. When a pic- 
ture having no or little moving object is presented, or 
pixels in a wide area are presented at the same gray 
scale level, a high-quality display free from nonuniform- 
ities is presented by selecting the first mode. 
[0010] In the first mode, the subpixels constituting the 
single pixel preferably maintain, and are turned on and 
off in response to, corresponding bits of the gray scale 
data indicating the gray scale of the pixel. This arrange- 
ment eliminates the need for regularly refreshing the 
subpixels. A subpixel having no change in the on/off 
state thereof needs no refreshing the storage content of 
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the corresponding bit. Power consumption is thus re- 
duced. 

[0011] In the first mode, the subpixels are preferably 
turned off regardless of the maintained bits thereof and 
thereafter the subpixels are turned on and off in re- 
sponse to the maintained bits. After the display content 
of the subpixels is reset to an off state, the subpixels are 
turned on again or are continuously on. Specifically, the 
subpixels in the on and off states are refreshed in re- 
sponse to the maintained bits. 

[0012] When the subpixel is turned on, preferably, the 
subpixel is first turned off, and thereafter the on polarity 
of the subpixel is inverted with respect to a reference 
level. In this way, the alternating driving method for driv- 
ing the subpixels is performed taking advantage of a tim- 
ing at which the subpixels are turned off. 
[0013] In a driving method for driving an electro-opti- 
cal device, in the second mode, the subpixel at an inter- 
section of a selected scanning line is preferably sup- 
plied, through the data line, with a timing signal for sam- 
pling a time-varied voltage at a timing corresponding to 
the gray scale data of the pixel including the subpixel. 
In the second mode, the signal supplied to the data line 
is binary for simply giving an instruction for sampling, 
and a high-quality display is thus presented as in the 
first mode. 

[0014] In the driving method for driving an electro-op- 
tical device, in the first mode, the scanning lines are se- 
lected on a line by line basis, and in the second mode, 
the scanning lines are preferably selected on a plurality 
of lines at a time basis with the number of the plurality 
of lines equal to the number of subpixel constituting the 
pixel when subpixels grouped as a single pixel are ad- 
jacent to each other in the column direction, and the 
scanning lines are selected on a line by line basis when 
subpixels grouped as a single pixel are adjacent to each 
other in the row direction. In any case, the polarity of the 
voltage supplied to the subpixel is preferably inverted 
with respect to a reference level each time the scanning 
line is preferably selected. In this arrangement, the gen- 
eration of flickering is controlled because writing char- 
acteristics of the single pixel containing the subpixels 
are inverted each time the scanning line is selected. 
[0015] The present invention in another embodiment 
relates to a driving circuit for driving an electro-optical 
device in which subpixels are arranged at each of the 
intersections of scanning lines running in the direction 
of rows and data lines running in the direction of columns 
and a plurality of subpixels adjacent to each other are 
grouped as a single pixel in the driving thereof. The driv- 
ing circuit includes a scanning line driving circuit which 
selects the scanning lines on a line by line basts in a first 
mode while in a second mode selecting the scanning 
lines on a line by line basis or on a plurality of lines at a 
time basis with the number of the plurality of lines equal 
to the number of subpixels constituting the single pixel, 
and a data line driving circuit which supplies the subpix- 
el, at an intersection of a scanning line selected by the 



scanning line driving circuit, through the data line, with 
a signal for an on or off operation in response to a cor- 
responding bit of gray scale data of the pixel including 
the subpixel in the first mode, while in the second mode, 
5 supplying the subpixel at the intersection of the selected 
scanning line, through the data line, with a timing signal 
for sampling a time-varied voltage at a timing corre- 
sponding to the gray scale data of the pixel including the 
subpixel. As in the previously described driving method, 
this driving method presents a high-quality display free 
from nonuniformity in the first mode, while a display with 
many more number of gray scale levels is enjoyed in the 
second mode. 

[001 6] The driving circuit preferably includes an ena- 
ble circuit for disabling the selection of the scanning line 
in the first mode when there is no change in the on/off 
state in the subpixel corresponding to the scanning line 
selected by the scanning line driving circuit. With the se- 
lection of the scanning line disabled by the enable cir- 
cuit, power consumption is reduced accordingly. 
[0017] The present invention in yet another embodi- 
ment relates to a driving circuit for driving an electro- 
optical device which selects, through a scanning line, a 
sub-pixel arranged at each of the intersections of scan- 
ning lines running in the direction of rows and data lines 
running in the direction of columns and groups mutually 
adjacent subpixels as a single pixel to cause the pixel 
to present a display, wherein the scanning lines are se- 
lected on a line by line basis in a first mode, while in a 
second mode the scanning lines are selected on a plu- 
rality of lines at a time basis with the number of the plu- 
rality of lines equal to the number of subpixels constitut- 
ing the single pixel. The arrangement provides a scan- 
ning line driving circuit for appropriately selecting the 
scanning lines in accordance with the first mode or the 
second mode. 

[0018] The driving circuit preferably includes a shift 
register for successively outputting a pulse signal, and 
a logic circuit which controls the pulse width of the pulse 
signal in the first mode so that the pulses of the pulse 
signal do not overlap each other, while, in the second 
mode, controlling the pulse width of the pulse signal to 
be wider than the pulse width of the pulse signal that is 
controlled to select the scanning lines on a line by line 
basis, wherein the logic circuit outputs one of the con- 
trolled pulse signals to the scanning line to be selected. 
This arrangement eliminates the need for a particular 
control signal and allows the scanning line appropriately 
to be selected in accordance with the mode. 
[0019] Shift registers are typically fabricated of mufti- 
stages of latch circuits, each shifting an input signal. In 
this construction, as the resolution of the display in- 
creases, the number of stages of latch circuits increas- 
es, high-speed performance is required of the shift reg- 
ister, and power consumption accordingly increases. 
The driving circuit for selecting the scanning lines pref- 
erably includes a shift register for successively output- 
ting a pulse signal, and a logic circuit which splits the 
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pulse signal in the axis of time in the first mode so that 
the pulses of the pulse signal do not overlap each other, 
while, in the second mode, controlling the pulse widths 
of the pulse signal so that the pulses of the pulse signal 
do not overlap each other, and the logic circuit outputs 
one of the split pulse signal and the controlled pulse sig- 
nal to the scanning line to be selected. Since the single 
pulse signal is split in the time axis to be supplied to the 
scanning lines in this arrangement, the number of stag- 
es of latch circuits is decreased, thereby reducing power 
consumption. 

[0020] The present invention in still another embodi- 
ment relates to a driving circuit for driving an electro- 
optical device which drives, through a data line, a sub- 
pixel arranged at each of the intersections of scanning 
lines running in the direction of rows and data lines run- 
ning in the direction of columns and groups mutually ad- 
jacent subpixels as a single pixel to cause the pixel to 
present a display. In a first mode, the subpixel at an in- 
tersection of a selected scanning line is supplied, 
through a data line, with a signal indicating an on/off op- 
eration in response to a corresponding bit of the gray 
scale data of the pixel including the subpixel, and in a 
second mode, the subpixel at the intersection of the se- 
lected scanning line is supplied, through the data line, 
with a timing signal for sampling a time-varied voltage 
at a timing corresponding to the gray scale data of the 
pixel including the subpixel. The arrangement provides 
a data line driving circuit for appropriately supplying a 
data line with a binary signal in accordance with the first 
mode or the second mode. 

[0021] The driving circuit preferably includes a first 
circuit for outputting a signal indicating an on/off opera- 
tion in response to a corresponding bit of the gray scale 
data of the pixel including the subpixel at the intersection 
of the selected scanning line, a second circuit for out- 
putting a signal that becomes active for a period corre- 
sponding to the gray scale data of the pixel including the 
subpixel at the intersection of the selected scanning line, 
and a selector which selects a signal from the first circuit 
in the first mode, while selecting a signal from the sec- 
ond circuit in the second mode, and the selector sup- 
plies the data line corresponding to the subpixel with the 
selected signal. With this arrangement, the selector se- 
lects the signal from the first circuit in the first mode while 
selecting the signal from the second circuit in the second 
mode. The selector thus supplies the data line with the 
signal from the first circuit or the second circuit. 
[0022] The present invention in still another embodi- 
ment relates to an electro-optical device in which sub- 
pixels are arranged at each of the intersections of scan- 
ning lines running in the direction of rows and data lines 
running in the direction of columns and a plurality of sub- 
pixels adjacent to each other are grouped as a single 
pixel to cause the pixel to present a display, wherein 
each subpixel in a single pixel is turned on and off in 
response to a corresponding bit of gray scale data of the 
pixel including the subpixel in a first mode and the sub- 



pixels forming the single pixel present common gray 
scale in response to the gray scale data indicating the 
gray scale of the pixel in a second mode. As in the pre- 
viously described driving method and driving circuit, this 
5 electro-optical device presents a high-quality display 
free from nonuniformity in the first mode, while a display 
with many more number of gray scale levels is enjoyed 
in the second mode. 

[0023] The electro-optical device preferably includes 

10 a first signal line which is applied with a voltage for turn- 
ing on the subpixel in the first mode while being applied 
with a time-varied voltage in the second mode, and a 
second signal line which is applied with a voltage for 
turning off the subpixel in at least the first mode, wherein 

15 the subpixel includes a first switch which is turned on 
and off in response to a signal supplied to a correspond- 
ing scanning line, a storage element for storing the con- 
tent corresponding to the signal level at a corresponding 
data line when the first switch is turned on, a second 

20 switch which selects between the first signal line and the 
second signal line in response to the storage content of 
the storage element in the first mode, while sampling, 
in the second mode, the voltage applied to the first signal 
line at the timing of the gray scale data of the one pixel 

25 of the subpixels during the on period of the first switch, 
and a subpixel electrode applied with the voltage select- 
ed or sampled by the second switch. With this arrange- 
ment, the subpixel electrode is applied with the voltage 
for turning on or off the subpixel in accordance with the 

30 storage content in the storage element in the first mode 
even with the first switch turned off. The subpixel needs 
to be refreshed only when the display content changes. 
A high-quality display is thus presented with reduced 
power consumption. 

35 [0024] In the electro-optical device, each subpixel 
preferably includes a storage capacitor for storing the 
voltage applied to the subpixel electrode. With this ar- 
rangement, the voltage applied to the subpixel electrode 
is prevented from leaking in the second mode. 

40 [0025] With the storage capacitor incorporated, the 
storage capacitor is preferably configured with one ter- 
minal thereof connected to the subpixel electrode and 
with the other terminal thereof connected to a constant- 
potential signal line. With this arrangement, the storage 

45 capacitor holds a voltage between the constant- poten- 
tial signal line and the pixel electrode regardless of the 
mode. 

[0026] The second signal line is preferably applied 
with a voltage for turning off the subpixel even in the 
50 second mode, and is used as the constant-potential sig- 
nal line. With this arrangement, any additional wiring for 
commonly connecting the storage capacitor is not re- 
quired, and the construction of the device is simplified 
accordingly. 

55 [0027] As described above, the subpixels constituting 
one pixel are applied with a common voltage in the sec- 
ond mode, but the areas of the subpixels constituting 
the one pixel are different from each other. For this rea- 
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son, the storage capacitors of the subpixels in the same 
pixel are different from each other in required storage 
characteristics, and the storage capacitor preferably ac- 
counts for the area of the corresponding subpixel. 
[0028] Preferably, the storage element includes a sin- 5 
gle capacitor, and is supplied across the two terminals 
thereof with voltages having mutually opposite signal 
levels in the first mode. With this arrangement, even if 
there is a change in the storage content in the storage 
capacitor of the storage element in the first mode, 10 
charge simply moves between the electrodes of the 
storage capacitor. No power is additionally consumed, 
and capacitance required of the capacitor is small. 
[0029] The storage element of the electro-optical de- 
vice may include two capacitors which store mutually 15 
opposite charges in the first mode, and the one-side 
electrodes of the two capacitors are together connected 
to a constant-potential signal line. With this arrange- 
ment, even if there is a change in the storage content in 
the two storage capacitors of the storage element in the 20 
first mode, charge simply moves between the two stor- 
age capacitors via the second signal line having the con- 
stant potential. No power is additionally consumed. 
[0030] When the storage element includes two capac- 
itors, preferably, the second signal line is applied with a 25 
voltage for turning off the subpixel even in the second 
mode, and is used as the constant-potential signal line. 
With this arrangement, the two capacitors are connect- 
ed together, requiring no separate wiring, and thereby 
leading to a simplified construction. 30 
[0031 ] The subpixel of the electro-optical device pref- 
erably includes a logic element for controlling the sec- 
ond switch, wherein a first supply line for supplying the 
logic element with a low voltage of a power source and 
a second supply line for supplying the logic element with 35 
a high voltage of the power source are alternately ar- 
ranged in the direction parallel with the scanning line or 
the data line. In this arrangement, the power source of 
the logic element contained in the subpixel is provided 
by alternately arranged supply lines for high voltage *o 
power source and low voltage power source. There is 
no need for arranging two supply lines for each subpixel. 
The construction of the device is thus simplified. 
[0032] The first switch in the electro-optical device is 
preferably of a complementary element. When the first 45 
switch is of one type channel transistor, the voltage ap- 
plied to the scanning line needs to be set accounting for 
the threshold voltage thereof. The use of the comple- 
mentary type element requires no such consideration. 
[0033] Similarly, the second switch is preferably of a so 
complementary element. When the second switch is of 
one type channel transistor, the voltage applied to the 
scanning line needs to be set accounting for the thresh- 
old voltage thereof. The use of the complementary type 
element requires no such consideration. 55 
[0034] Both the first switch and the second switch are 
preferably of a complementary element With this ar- 
rangement, the voltages applied to the scanning line 



and the data line have binary voltage levels common to 
both lines, and load on the power source is lightened. 
[0035] The electro-optical device includes a display 
refresh control line provided at each row for supplying 
a refresh command signal for refreshing the on and off 
state of the subpixel in the first mode, and a signal line 
which is provided at each row and supplied with an off 
voltage signal for turning off the subpixel when the re- 
fresh command is given, or with an on voltage signal for 
turning on the subpixel when the refresh command is 
not given in the first mode, while, in the second mode, 
being supplied with a time- varied ramp voltage signal 
when a corresponding row scanning line is selected, 
wherein the subpixel includes a third switch configured 
with one terminal thereof connected to the data line of 
a corresponding column, and turned on when the scan- 
ning line on a corresponding row is selected, a storage 
element for storing a signal level at the other terminal of 
the third switch, a fourth switch configured with one ter- 
minal thereof connected to the signal line at the corre- 
sponding row and turned on and off in response to the 
signal level at the other terminal of the third switch, a 
fifth switch configured with one terminal thereof con- 
nected to the signal line at the corresponding row and 
turned on when the refresh command is given to the cor- 
responding row, and a subpixel electrode commonly 
connected to the other terminals of the fourth switch and 
the fifth switch. The arrangement is as preferable as the 
arrangement having the first and second switches. With 
this arrangement, when a given row is selected in the 
first mode, the third switch is turned on in the subpixel 
on that row, the signal level supplied to the data line on 
the corresponding column is stored in the storage ele- 
ment. When a command for turning on or off the subpixel 
is issued, the fifth switch is turned on and the subpixel 
electrode is applied with an off voltage signal supplied 
to the signal line on the corresponding row. When the 
third switch and the fifth switch are turned off thereafter, 
the fourth switch is turned on or off in response to the 
storage content in the storage element. The subpixel 
electrode is again applied with the on voltage signal, or 
is continuously applied with the off voltage signal. In its 
on or off state, the subpixel is refreshed depending on 
the maintained bit. The subpixel having no change in 
the on or off state thereof requires no rewriting on the 
storage content held by the storage element, and power 
consumption is reduced accordingly. In the second 
mode, the fourth switch samples the ramp voltage signal 
in response to the signal level of the corresponding data 
line, thereby supplying the subpixel electrode with the 
sampled voltage. The device thus easily presents a mul- 
ti-gray scale display. 

[0036] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which :- 

FIG. 1 (a) is a perspective view showing the external 
appearance of the electro-optical device of a first 
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embodiment of the present invention, and FIG. 1 (b) 
is a cross-sectional view of the electro-opticat de- 
vice taken along line A-A\ 

FIG. 2 is a block diagram showing the electrical con- 
struction of the electro-optical device. 
FIG. 3 is a plan view showing the layout of pixels in 
the electro-optical device. 

FIG. 4 is a circuit diagram showing the construction 
of one pixel of the electro-optical device. 
FIG. 5 is a circuit diagram showing the construction 
of a scanning signal selector in a scanning line driv- 
ing circuit. 

FIG. 6 is a timing diagram showing the operation of 
the scanning line driving circuit. 
FIG. 7 is a circuit diagram showing the construction 
of a Vbk selector in the electro-optical device. 
FIG. 8 is a timing diagram showing the operation of 
the Vbk selector. 

FIG. 9 is a block diagram showing the construction 
of a data line driving circuit in the electro-optical de- 
vice. 

FIG. 1 0 is a block diagram showing the construction 
of one column of a second latch circuit in the data 
line driving circuit. 

FIG. 11 is a timing diagram showing the operation 
in a first mode of the electro-optical device, in which 
the level of a signal Mode is at a low level. 
FIG. 12 is a timing diagram showing the operation 
in a second mode of the electro-optical device, in 
which the level of a signal Mode is at a high level. 
FIG. 13 is a circuit diagram showing the construc- 
tion of one pixel in the electro-optical device. 
FIG. 14 is a circuit diagram showing the construc- 
tion of one pixel in the electro-optical device. 
FIG. 15 is a circuit diagram showing the construc- 
tion of one pixel in the electro-optical device. 
FIG. 16 is a circuit diagram showing the construc- 
tion of one pixel in the electro-optical device. 
FIG. 17 is a circuit diagram showing the construc- 
tion of one pixel in the electro-optical device. 
FIG. 18 is a block diagram showing the electrical 
construction of the electro-optical device of a sec- 
ond embodiment of the present invention. 
FIG. 19 is a circuit diagram showing the construc- 
tion of one pixel in the electro-optical device. 
FIG. 20 is a circuit diagram showing the construc- 
tion of a VLC selector in the electro-optical device. 
FIG. 21 is a timing diagram showing the operation 
of the VLC selector in the first mode, in which the 
signal Mode is at a low level. 
FIG. 22 is a timing diagram showing the operation 
of the VLC selector in the second mode, in which 
the signal Mode is at a high level. 
FIGS. 23(a) and 23(b) explain a white display pre- 
sented by a subpixel in the first mode with the signal 
Mode at a low level. 

FIGS. 24(a) and 24(b) explain a black display pre- 
sented by a subpixel in the first mode with the signal 



Mode at a low level. 

FIGS. 25(a), 25(b) and 25(c) explain the displaying 
operation of the subpixel in the second mode with 
the signal Mode at a high level. 

5 FIG. 26 is a timing diagram showing the displaying 

operation of the subpixel in the second mode with 
the signal Mode at a high level. 
FIG. 27 is a circuit diagram showing the construc- 
tion of one pixel in the electro-optical device. 

10 FIG. 28 is a plan view showing the layout of pixels 
in the electro-optical device of the present inven- 
tion. 

FIG. 29 is a block diagram showing another con- 
struction of the scanning line driving circuit in the 

15 electro-optical device. 

FIG. 30 is a timing diagram showing the operation 
of the scanning line driving circuit. 
FIG. 31 shows the construction of a projector as 
electronic apparatus in which the electro-optical de- 

20 vice of each of the embodiments is incorporated. 

FIG. 32 is a perspective view showing a personal 
computer as electronic apparatus in which the elec- 
tro-optical device of each of the embodiments is in- 
corporated. 

25 FIG. 33 is a perspective view showing a mobile tel- 
ephone as electronic apparatus in which the elec- 
tro-optical device is incorporated. 

[0037] Each subpixel preferably includes a storage 
30 capacitor for storing a voltage applied to the subpixel 
electrode in order to prevent the voltage applied to the 
subpixel electrode from being leaked in the second 
mode in the arrangement with the third, fourth, and fifth 
switches incorporated. 
35 [0038] Electronic apparatus of another embodiment 
of the present invention includes the above- referenced 
electroopitcal device. The electronic apparatus thus 
presents a high-quality display free from nonuniformity 
in the first mode, while presenting a display of many 
40 more gray scale levels. 

< First embodiment > 

[0039] An electro-optical device of a first embodiment 
45 of the present invention will now be discussed. The elec- 
tro-optical device is a liquid-crystal device employing a 
liquid crystal as an electro-optical material and presents 
a predetermined display by means of an electro-optical 
change in the liquid crystal. In the electro-optical device, 
50 each pixel is composed of three subpixels. As will be 
discussed later, the electro-optical device presents a 
display using the area gray scale method based on the 
three subpixels in a first mode, while presenting a dis- 
play of the same density on the three subpixel in a sec- 
55 ond mode. 
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< Construction of the Electro-optical Device > 

[0040] FIG. 1(a) is a perspective view showing an 
electro-optical device 100, and FIG. 1 (b) is a cross-sec- 
tional view of the electro-optical device 1 00 taken along 5 
line A-A' in FIG. 1(a). As shown, the electro-optical de- 
vice 100 includes an element substrate 101 having a 
variety of elements, subpixel electrodes 1218, etc. 
formed thereon, and a counter substrate 102 having a 
counter electrode 108, etc. The element substrate 101 
and the counter substrate 1 02 are bonded together with 
a sealing member 104 containing spacers 103 inter- 
posed therebetween to keep a predetermined gap ther- 
ebetween so that the electrode bearing surfaces thereof 
face each other. A liquid crystal 105 such as of TN 
(Twisted Nematic) as an electro-optical material is en- 
capsulated in the gap between the two substrates. 
[0041] As will be discussed later, three subpixel elec- 
trodes 1218 correspond to a single pixel. To present a 
gray scale display based on the area gray scale method 
in the first mode, the ratio of areas of the three subpixel 
electrodes 1218 is set to be approximately 1 :2:4. 
[0042] In this embodiment, the element substrate 1 01 
employs glass, semiconductor, or quartz. Alternatively, 
an opaque substrate may be used for the element sub- 
strate 1 01 . However, when the element substrate 1 01 
employs an opaque substrate, the device must be used 
as a reflective type rather than as a transmissive type. 
The sealing member 104 is formed on the peripheral 
edge of the counter substrate 102, and has an opening 
to introduce the liquid crystal 1 05 therethrough. After en- 
capsulating the liquid crystal 1 05, the opening is closed 
with a seal material 106. 

[0043] A data line driving circuit 1 80 is formed on the 
element substrate 1 01 on one side external area thereof 
outside the sealing member 104 on the opposing sur- 
face thereof. A plurality of mount terminals 107 are 
formed on the one side external area of the element sub- 
strate 1 01 to receive a variety of signals from external 
circuits. 

[0044] Scanning line driving circuits 130, etc. are 
formed on two side areas on both sides of the first side 
area on the element substrate 101. If a delay in scanning 
signals supplied to scanning lines is not a primary con- 
cern, the scanning line driving circuits 130 may be 
formed on one side area only. Wiring (not shown) com- 
monly used to the two scanning line driving circuits 1 30 
is formed on the remaining one side area. Circuits and 
elements formed on the peripheral areas of the element 
substrate 101 , such as the scanning line driving circuits 
130 and the data line driving circuit 180, are produced 
in the same process for producing thin-film transistors 
(hereinafter referred to as "TFT") forming the subpixels. 
If the peripheral circuits are built in on the element sub- 
strate 101, and if the elements are produced in the same 
process, compact and low-cost design is advanta- 
geously promoted more than in an electro-optical device 
of the type that is constructed of peripheral circuits on 



external and separate boards. 

[0045] The counter (common) electrode 108 formed 
on the counter substrate 1 02 has a conductive material 
such as a silver paste deposited at least one of the four 
corners on the bonding area thereof with the element 
substrate 101. Through the conductive material, the 
counter electrode 108 is electrically connected to the 
mount terminal 107 formed on the element substrate 
101. 

[0046] Although not shown, a color layer (a color filter) 
is arranged as necessary on an area of the counter sub- 
strate 102 facing the subpixel electrodes 1218. Howev- 
er, when the electro-optical device is used as a projector 
in color modulation applications as will be discussed lat- 
er, the color filter is not needed on the counter substrate 
102. 

Regardless of whether or not the color layer is mounted, 
the counter substrate 1 02 is provided with a light shield 
layer (not shown) on the area thereof other than the re- 
gions thereof facing the subpixel electrodes 1 21 8 to pre- 
vent the contrast ratio from dropping under light leak- 
age. 

[0047] The element substrate 101 and the counter 
substrate 102 respectively have on the mutually facing 
surfaces thereof alignment layers that have been sub- 
jected to a rubbing process so that the major axis of the 
molecules in the liquid crystal 105 is continuously twist- 
ed by about 90. On the other hand, the element sub- 
strate 1 01 and the counter substrate 1 02 respectively 
have on the external surfaces thereof polarizers respon- 
sive to the orientation direction of light. These are not 
shown because these optical elements are not directly 
related to the present invention. Referring to FIG. 1 (b), 
the counter electrode 1 08, the subpixel electrodes 1 21 8, 
the mount terminals 107, etc. are shown as having a 
thickness, but this is for convenience only for clearly il- 
lustrating the positional relationship between the com- 
ponents shown, and actual thicknesses of these com- 
ponents are very small. 

< Electrical Construction of the Electro-optical Device > 

[0048] The electrical construction of the electro-opti- 
cal device of the present invention is now discussed. 
FIG. 2 is a block diagram showing the electrical con- 
struction of the device. 

[0049] As shown, 3m scanning lines 112 extend in the 
X (row) direction, while n data lines 114 extend in the Y 
(column) direction (m and n are integers). Subpixels 
1 20a, 1 20b, and 1 20c are respectively arranged at the 
intersections of the scanning lines 1 1 2 and the data lines 
114. Three subpixels 120a, 120b, and 120c adjacent to 
each other in the column direction are grouped as a sin- 
gle pixel. In this embodiment, pixels 120 are arranged 
in a matrix of m rows by n columns. 
[0050] Each of a first signal line 1 1 5 and a second sig- 
nal line 116 is arranged every row along the scanning 
line 1 1 2 while an auxiliary data line 1 1 4' is arranged eve- 
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ry column along the data line 114. Referring to FIG. 2, 
the scanning lines 112, the first signal lines 115, and the 
second signal lines 1 1 6 are respectively equally spaced. 
In practice, however, the spacings therebetween are set 
to reflect the area ratio of the subpixels 1 20a, 1 20b, and 
120c of approximately 1 :2:4 as shown in FIG. 3. 
[0051] In the electro-optical device of this embodi- 
ment, the operation modes include a first mode and a 
second mode. In the first mode, one single pixel 
presents an eight level gray scale display indicated by 
gray scale data Data of three bits. In the second mode, 
one single pixel presents a sixteen level gray scale dis- 
play indicated by gray scale data Data of four bits. Spe- 
cifically, the electro-optical device of this embodiment 
presents an eight level area gray scale display by turn- 
ing on and off the subpixels 1 20a, 1 20b, and 1 20c re- 
spectively in response to the values at the least signifi- 
cant bit, the intermediate bit, and the most significant bit 
in the first mode. In the second mode, the electro-optical 
device presents a sixteen level gray scale display (with 
the three subpixels on the same density) on the three 
subpixels constituting one pixel by sampling a ramp volt- 
age signal at a timing corresponding to the four bit gray 
scale data. 

[0052] In the discussion that follows, to identify the 
rows respectively corresponding to the subpixels 120a, 
1 20b, and 1 20c, out of a pixel 1 20 at an i-th row from 
the top, an (i-a)-th row designates a row corresponding 
to the subpixel 120a, an (i-b)-th row designates a row 
corresponding to the subpixel 120b, and an (i-c)-th row 
designates a row corresponding to the subpixel 120c 
(here, i is an integer from 1 to m). In this case, the three 
subpixels at the (i-a)-th row, the (i-b)-th row, and the (i- 
c)-th row constitute a pixel at the i-th row. 
[0053] The scanning line driving circuit 1 30, including 
a shift register 132 having (3m+1) stages, and a scan- 
ning signal selector 134, supplies each scanning line 
112 with a scanning signal at a predetermined se- 
quence. For convenience of explanation, the scanning 
signals output to the (i-a)-th row, the (i-b)-th row, and the 
(i-c)-th row are respectively designated Yi-a, Yi-b, and 
Yi-c (the signals actually output to the scanning lines 1 1 2 
are ones output through AND gates 1 52 to be discussed 
later). 

[0054] In the first mode, the scanning line driving cir- 
cuit 130 successively supplies the scanning lines 112 
on one line at a time basis from top to bottom shown in 
FIG. 2, with the scanning signals having active periods 
not overlapping each other. The active period of each 
scanning signal is one-third of one horizontal scanning 
period. In the second mode, the scanning line driving 
circuit 1 30 successively supplies the scanning lines 1 1 2 
on three lines at a time basis from top to bottom shown 
in FIG. 2, with the scanning signals having active peri- 
ods not overlapping each other. The active period of 
each scanning signal is as long as the one horizontal 
scanning period. Specifically, in the second mode, the 
scanning signals Yi-a, Yi-b, and Yi-c respectively sup- 



plied to the scanning lines 1 1 2 at the (i-a)-th row, the (i- 
b)-th row, and the (i-c)-th row constituting the i-th row of 
pixels become concurrently active during one horizontal 
scanning period for the i-th row of pixels. The scanning 
5 line driving circuit 130 will be discussed in more detail 
later. 

[0055] A counter 160 counts a clock signal CLKa, 
thereby outputting a count result Q of four bits. Specifi- 
cally, the counter 1 60 outputs the count result Q ranging 

10 from "0" to "15" in a decimal number. The counter 160 
resets the count result Q to zero in response to a latch 
pulse LP (not shown in FIG. 2) that is output at the start 
of each horizontal scanning period, and starts counting 
the clock signal CLKa. When the count result reaches 

15 "1 5", the counter 1 60 temporarily stops counting. 

[0056] A voltage selector 1 70 selects one of a plurality 
of voltages generated by a separate external power 
source, and outputs voltage signals Vbkp, Vwt, and Vb- 
kn to be discussed later. Specifically, in the first mode, 

20 the voltage selector 1 70 selects a positive side voltage 
signal Vbk(+) as the voltage signal Vbkp for turning on 
the subpixel, a voltage signal as the voltage Vwt for turn- 
ing off the subpixel, and selects a negative side voltage 
signal Vbk(-) as the voltage signal Vbkn for turning on 

25 the subpixel. 

[0057] In the second mode, the voltage selector 170 
selects a voltage corresponding to the counter result Q 
as the voltage Vbkp, and respectively voltage signals as 
the voltage signal Vwt and the voltage signal Vbkn for 

30 turning off the subpixel. 

[0058] The electro-optical device of this embodiment 
is now in a normally white mode for presenting a white 
display with no voltage applied. If applied to the subpixel 
electrode 1218, the voltage signal Vbk(+) for turning on 

35 the subpixel refers to a positive side signal out of the 
signal that presents a black display on the subpixel (see 
FIG. 4). If applied to the subpixel electrode 1218, the 
voltage signal Vwt for turning off the subpixel refers to 
the signal that presents a white display on the subpixel. 

40 if applied to the subpixel electrode 1218, the voltage sig- 
nal Vbk(-) refers to a negative side signal of the signal 
that presents a black display on the subpixel. 
[0059] More specifically, in this embodiment, the liq- 
uid crystal 1 05 is sandwiched between the above-refer- 

45 enced subpixel electrodes 1218 and the counter elec- 
trode 108, and the signal for turning off the subpixel is 
approximately equal to the voltage applied to the coun- 
ter electrode 108. The positive side signal for turning on 
the subpixel refers to the on voltage signal higher in level 

so than the voltage applied to the counter electrode 108, 
and the negative side signal for turning on the subpixel 
refers to the on voltage signal lower in level than the 
voltage applied to the counter electrode 108. In other 
words, a substantially intermediate voltage between the 

55 positive side voltage signal Vbk(+) and the negative side 
voltage signal Vbk(-) for turning on the subpixel is the 
voltage signal Vwt for turning off the subpixel. 
[0060] In this embodiment, the voltage selector 170 
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in the second mode selects the voltage for turning off 
the subpixel when the count result Q is a decimal "0". 
As the count result Q rises, the voltage selector 170 se- 
lects a gradually rising or gradually falling voltage. 
[0061] In the second mode, the voltage selector 170 
switches between the voltage falling direction and the 
voltage rising direction every horizontal scanning peri- 
od, and in the same horizontal scanning period subse- 
quent to one vertical scanning period, the voltage selec- 
tor 170 switches between the voltage falling direction 
and the voltage rising direction. 

[0062] In this embodiment, the switching between the 
first mode and the second mode is performed in re- 
sponse to the level of a signal Mode output by an exter- 
nal control circuit, for example. Specifically, when the 
signal Mode is at a low level, the first mode is designat- 
ed. When the signal Mode is a high level, the second 
mode is designated. The signal Mode is fed to the scan- 
ning line driving circuit 1 30 (the scanning signal selector 
1 34), and the data line driving circuit 1 80 to be discussed 
later, in addition to the voltage selector 1 70. 
[0063] A Vbk selector 140, arranged at each row, se- 
lects one of the voltage signals Vbkp, Vwt, Vbkn from 
the voltage selector 1 70, and outputs the selected volt- 
age signal to the corresponding first signal line 115 and 
second signal line 116 as described below. Specifically, 
the Vbk selector 140 has held and output the voltage 
signal Vbkp (Vbk(+)) to the corresponding first signal 
line 115 in the first mode for example. When the scan- 
ning signal applied to the corresponding scanning line 
112 shifts into an active level, the Vbk selector 140 se- 
lects and holds the voltage signal Vbkn(Vbk(-)) opposite 
in polarity to the one held prior to the selection. Con- 
versely, when the Vbk selector 140 has held and output 
the voltage signal Vbkn to the corresponding first signal 
line 115 in the first mode, the Vbk selector 140 selects 
and holds the voltage signal Vbkp opposite in polarity to 
the one selected prior to the selection when the scan- 
ning signal to the corresponding scanning line 112 shifts 
into an active level. Specifically, the Vbk selector 140 
alternately selects the voltage signals Vbkp and Vbkn 
every vertical scanning period, and outputs the selected 
signal to the first signal line 115. 
[0064] In the second mode, the Vbk selector 140 se- 
lects a ramp voltage signal as the voltage signal Vbkp 
during one horizontal scanning period for a correspond- 
ing row and outputs the ramp voltage signal to the cor- 
responding first signal line 115. During one horizontal 
period for the i-th row of pixels in the second mode, the 
scanning signals Yi-a, Yi-b, and Yi-c become concur- 
rently active, and three Vbk selectors 140 correspond- 
ing to the (i-a)-th row, the (i-b)-th row, and the (i-c)-th 
row output mutually identical ramp voltage signals. 
[0065] Regardless of the first mode and the second 
mode, the Vbk selector 140 outputs the voltage signal 
Vwt selected by the voltage selector 170 to the corre- 
sponding second signal line 116. 
[0066] For simplicity of explanation, voltage signals, 



selected by the Vbk selectors 140 for the (i-a)-th row, 
the (i-b), and the (i-c)-th row and output to the first signal 
lines 1 1 5 are designated as Vbki-a, Vbki-b, and Vbki-c. 
Voltage signals, selected by the Vbk selectors 140 for 
5 the (i-a)-th row, the (i-b), and the (i-c)-th row and output 
to the second signal line 116 are designated as Vwti-a, 
Vwti-b, and Vwti-c. The Vbk selector 140 will be dis- 
cussed in more detail later. 

[0067] An enable circuit 1 50, arranged for each of the 

10 scanning lines 112, includes an AND gate 152. One in- 
put of the AND gate 152 receives the scanning signal 
from the scanning line driving circuit 130, and the other 
input thereof receives an signal ENB. When the signal 
ENB is at a high level, the AND gate 1 52 is opened, and 

15 the scanning signal from the scanning line driving circuit 
130 is directly output therethrough. When the signal 
ENB is at a low level, all AND gates 1 52 are closed. The 
scanning signal shifts into an inactive level. For simplic- 
ity of explanation, actual scanning signals output to the 

20 scanning lines 1 1 2 from the AND gates 1 52 at the (i-a)- 
th row, the (i-b)-th row, and the (i-c)-th row are respec- 
tively designated as Gi-a, Gi-b, and Gi-c. 
[0068] The data line driving circuit 1 80 drives the data 
lines 114 and the auxiliary data lines 114* according to 

25 each mode. As will be discussed in more detail, in the 
first mode, the data line driving circuit 180 supplies the 
data line 1 1 4 with the corresponding bit of the gray scale 
data Data of the pixel composed of the subpixels ar- 
ranged for the scanning line 112, which is in an active 

30 level, and supplies the corresponding auxiliary data line 
114' with the inverted version of the bit. 
[0069] In the second mode, the data line driving circuit 
180 supplies the data line 114 of the corresponding col- 
umn with a timing signal for sampling the ramp voltage 

35 signal in response to the gray scale data Data of the 
pixel for the three subpixels (constituting the one single 
pixel) of the three scanning lines 112 in an active level, 
while supplying all auxiliary data lines 114' with a low 
level signal. 

40 [0070] For simplicity, data signals supplied to the data 
line 114 and the auxiliary data line 114' at j-th column 
from the left are respectively designated as Sj and Sj' Q 
is an integer from 1 to n). 

45 < Detailed Description of the Subpixels > 

[0071] The subpixels 120a, 120b, and 120c in the first 
embodiment are now discussed. FIG. 4 is a circuit dia- 
gram showing the construction of one pixel at an i-th row 

so and j-th column. 

[0072] As shown, the three subpixels 1 20a, 1 20b, and 
120c constituting a pixel at the i-th row and j-th column 
are electrically identical to each other (although the ar- 
eas of the three subpixels are different from each other 

55 as already discussed). In the first mode, the subpixel 
120a, which is turned on and off in response to the least 
significant bit of the gray scale data, includes a first 
switch 1202 composed of switches SW1 and SW2 and 
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a second switch 1204 composed of switches SW5 and 
SW6. 

[0073] The switch SW1 is turned on when the scan- 
ning signal Gi-a shifts to an active level (high level), and 
is configured with one terminal thereof connected to the 5 
data line 1 1 4 to which the data signal Sj is supplied, and 
with the other terminal thereof connected to one elec- 
trode of a capacitor Cm as a storage element. Similarly, 
the switch SW2 is turned on when the scanning signal 
Gi-a shifts to an active level, and is configured with one 
terminal thereof connected to the auxiliary data line 1 1 4' 
to which the data signal Sj' is supplied, and with the other 
terminal thereof connected to the other electrode of the 
capacitor Cm. 

[0074] When the voltage at the one electrode of the 
capacitor Cm is at a high level, the switch SW5 is turned 
on, thereby supplying the subpixel electrode 1218 with 
the voltage signal Vbki-a through the first signal line 115. 
When the voltage at the other electrode of the capacitor 
Cm is at a high level, the switch SW6 is turned on, there- 
by supplying the subpixel electrode 1218 with the volt- 
age signal Vwti-a through the second signal line 116. 
[0075] In the first mode in this arrangement, as al- 
ready discussed, when the scanning line Gi-a shifts to 
an active level, the least significant bit of the gray scale 
data corresponding to the pixel at the i-th row and j-th 
column is supplied as the data signal Sj, and the inverted 
version of the least significant bit is supplied as the data 
signal Sj\ For this reason, when the switches SW1 and 
SW2 are turned on with the scanning signal Gi-a active, 
the voltages having mutually opposite logic levels are 
applied on the two electrodes of the capacitor Cm. One 
of the switches SW5 and SW6 is turned on while the 
other is turned off. Specifically, when the data signal Sj 
is at a high level, the switch SW5 is turned on while the 
switch SW6 is turned off. When the data signal Sj is at 
a low level, the switch SW5 is turned off while the switch 
SW6 is turned on. When the switches SW1 and SW2 
are turned off with the scanning signal Gi-a becoming 
Inactive, the capacitor Cm through the stored charge 
thereof maintains the on and off states of the switches 
SW5 and SW6. 

[0076] As already discussed, in the first mode, the 
Vbk selectors 1 40 at the (i-a)-th row select and supply 
the voltage signal Vbkp or Vbkn to the first signal line 
1 1 5 as the voltage signal Vbki-a while supplyi ng the sec- 
ond signal line 116 with the voltage signal Vwt as the 
voltage signal Vwti-a. In the first mode, the voltage sig- 
nals Vbkp and Vbkn are respectively voltage signals 
Vbk(+) and Vbk(-) for turning on the subpixel (for a black 
display), and the voltage signal Vwt is the signal for turn- 
ing off the subpixel (for a white display). 
[0077] Even when the switches SW1 and SW2 are 
turned off, the on and off states of the switches SW5 and 
SW6 are maintained by the storage content of the ca- 
pacitor Cm. The subpixel electrode 1218 is thus contin- 
uously applied with the on or off voltage. As a result, the 
subpixel 120a maintains a black display or a white dis- 



play. 

[0078] A similar operation is performed on each of the 
subpixels 120b and 120c. The area gray scale respon- 
sive to the area ratio of the subpixels is performed, if the 
subpixels are viewed as a single pixel. 
[0079] Since the two electrodes of the capacitor Cm 
are continuously biased with the voltages of mutually 
opposite logic levels in the first mode, charge moves be- 
tween the two electrodes of the capacitor Cm even if 
there is a change in the on and off commands to the 
subpixel. For this reason, no power is additionally con- 
sumed, and capacitance requirement for the capacitor 
is small. 

[0080] The Vbk selector 140 alternately selects the 
voltage signals Vbkp and Vbkn to be supplied to the first 
signal line 115 every vertical scanning period. Once the 
least significant bit of the gray scale data Data (i.e., a 
bit for providing an on or off command for the subpixel 
1 20a) is written on the capacitor Cm, the capacitance of 
the liquid crystal is alternately driven without the need 
for the selection and writing. In other words, there is no 
need for writing the bit of the same content if there is no 
change in the on and off states of the subpixel. 
[0081] When there is no update in the on and off state 
of the subpixels on a single row, and when the signal 
ENB is driven to a low level while the scanning signal of 
the corresponding row shifts to an active level, the inac- 
tive level of the scanning signal is maintained. Power 
consumption involved in the rewriting of the subpixels is 
thus controlled. 

[0082] In the second mode, the data signal Sj' is driv- 
en to a low level as already described. When the switch 
SW2 is turned on with the scanning signal Gi-a at an 
active level, the other electrode of the capacitor Cm is 
applied with a low level voltage, and the switch SW6 is 
turned off. On the other hand, when the switch SW1 is 
turned on with the scanning signal Gi-a at an active lev- 
el, the switch SW5 remains turned on for a period during 
which the timing signal as the data signal Sj is at a high 
level, and the switch SW5 is turned off for the rest of the 
time. 

[0083] In the second mode, when the scanning signal 
Gi-a (Yi-a) at the (i-a)-th row become active, the first sig- 
nal line 1 15 at the same row is supplied with the ramp 
voltage signal as the voltage signal Vbki-a. For the pe- 
riod during which the switch SW5 remains on, the ramp 
voltage signal is sampled to the capacitance of the liquid 
crystal, and at the moment the switch SW5 is turned off, 
the capacitance of the liquid crystal holds the ramp volt- 
age signal immediately prior to the turning off of the 
switch SW5. When the switch SW1 is turned off with the 
scanning signal Gi-a driven to an inactive level, the 
stored voltage is held by the capacitance of a storage 
capacitor Cs formed between the subpixel electrode 
1 21 8 and the second signal line 1 1 6. The subpixel 1 20a 
maintains density responsive to the written voltage. 
[0084] In the second mode, the scanning signals Gi- 
a, Gi-b, and Gi-c concurrently shift to an active level, 
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and the voltage signals Vbki-a, Vbki-b, and Vbki-c are 
of the same ramp voltage signal. The subpixels 1 20b 
and 1 20c operate in the same way as the subpixel 1 20a. 
As a result, the three subpixels 120a, 120b, and 120c 
result in the same density, and thus present a gray scale 
display of the same density if viewed as a single pixel. 
[0085] The ratio of the liquid crystal capacitances of 
the subpixels 120a, 120b, and 120c is approximately 1 : 
2:4 in accordance with the area ratio of the subpixel 
electrodes 1 21 8. The capacitances of the capacitors Cs 
are preferably set to agree with that ratio, namely, 1 :2:4. 

< Detailed Description of the Scanning Line Driving 
Circuit > 

[0086] The scanning line driving circuit 130 is dis- 
cussed in detail. Returning to FIG. 2, the shift register 
132 successively shifts the pulse signal fed at the start 
of the vertical scanning period in response to the clock 
signal as a reference for horizontal scanning, and out- 
puts the shifted pulse signals. Specifically, the shift reg- 
ister 132 is fabricated of latch circuits of (3m+1) stages 
for latching and outputting the input pulse signal in re- 
sponse to the clock signal, wherein the number (3m+1 ) 
is greater than the total number of scanning lines 112, 
namely, 3m, by one stage. 

[0087] For simplicity, the pulse signals output from the 
latch circuits corresponding to the (i-a)-th row, the (i-b)- 
th row, and the (i-c)-th row are designated as Ysi-a, Ysi- 
b, and Ysi-c. For example, the pulse signals Ys1-a, 
Ys1 -b, and Ys1 -c, and Ys2-a respectively correspond- 
ing to the (1-a)-th row, the (1-b)-th row, the (1-c)-th row, 
and the (2-a)-th row are output as shown in FIG. 6(a) 
and FIG. 6(b) with the active level periods thereof over- 
lapping by half (half the period of the clock signal). 
[0088] The (logical circuit) scanning signal selector 
1 34 is now discussed in detail. FIG. 5 is a circuit diagram 
of the scanning signal selector 1 34. As shown, a com- 
bination of an OR gate 1342 and an AND gate 1344 is 
typically arranged for the (i-b)-th row and the (i-c)-th row. 
The OR gate 1 342 OR gates the pulse signals Ysi-b and 
Ysi-c output from the latch circuits corresponding to 
these rows (the latch circuits in the shift register 132), 
and the AND gate 1 344 AND gates the OR output from 
the OR gate 1 342 and the signal Mode, and outputs the 
AND gate output as a signal Modi for the i-th row. 
[0089] An AND gate 1346 AND gates the pulse sig- 
nals output from adjacent latch circuits, each arranged 
for a respective row, in the shift register 132, and gives 
the AND gate output. For simplicity of explanation, the 
AND gate output signals of the AND gate 1346 corre- 
sponding to the (i-a)-th row, the (i-b)-th row, and the (i- 
c)-th row are respectively designated as Ypi-a, Ypi-b, 
and Ypi-c. 

[0090] An OR gate 1 348 is arranged for each row, with 
one input thereof receiving the AND gate output of the 
corresponding AND gate 1346. The other input termi- 
nals of the OR gates 1348 corresponding to the (i-a)-th 



row, the (i-b)-th row, and the (i-c)-th row receive com- 
monly the logical AND output Modi from the AND gate 
1344 corresponding to the i-th row. The logical OR out- 
put of the OR gate 1 348 is output to the corresponding 
5 scanning line 112. The scanning signal actually output 
to the scanning line 112 is supplied via the AND gate 
152 in the enable circuit 150. 

[0091] In the first mode in which the signal Mode is 
driven to a low level in this arrangement, the AND gate 

10 1 344 is closed. As a result, the output of the AND gate 
1346 directly becomes the output of the OR gate 1 348. 
Specifically, in the first mode, an overlapping portion of 
the signals output by the adjacent latch circuits in the 
shift register 132 is determined by the AND gate 1346, 

is and is output as a scanning signal. Referring to FIG. 6 
(a), in the first mode, the scanning signals Y1-a, Y1-b, 
Y1-c, Y2-a,... having active levels not overlapping each 
other are successively supplied to the scanning lines 
112 with one line at a time from top to bottom. 

20 [0092] In the second mode in which the signal Mode 
is at a high level, the AND gate 1 344 is opened, and the 
output of the AND gate 1344, i.e., the signal Modi, is 
determined by the output of the OR gate 1342. The OR 
gate 1342 remains at a high level for a period during 

25 which the pulse signals Ysi-b and Ysi-c out of the pulse 
signals output from the latch circuits in the shift register 
132 are at an active level. Specifically, this period cor- 
responds to the duration of time during which the scan- 
ning signals Yi-a, Yi-b, and Yi-c are successively driven 

30 active in the first mode. For the period during which the 
OR gate 1342 remains at a high level, the three OR 
gates 1 348 corresponding to the OR gate 1 342 also re- 
main at a high level. The scanning signals Yi-a, Yi-b, 
and Yi-c for the scanning lines 1 1 2 corresponding to the 

35 three OR gates 1 348 are commonly driven to an active 
level. 

[0093] In the second mode, first, the pulse signals 
Ys1-a, Ys1-b, Ys1-c, Ys2-a,... are output from latch cir- 
cuits adjacent to each other in the shift register 132 as 

40 shown in FIG. 6(b), and second, the overlapping por- 
tions therebetween are determined as the logic AND 
output signals Yp1 -a, Yp1 -b, Yp1 -c,... by the AND gates 
1346. The second mode remains unchanged from the 
first mode in this operation, but is different from the first 

45 mode in the following points. 

[0094] Since the signal Modi corresponding to the 
first row remains at a high level for the period during 
which the pulse signal Ys1 -b or Ys1 -c is at a high level, 
all scanning signals Y1 -a, Y1 -b, and Y1 -c corresponding 

so to the three subpixel rows of the first pixel row remain 
at a high level for the same period. In succession, the 
signal Mod2 remains high for the period during which 
the pulse signal Ys2-b or Ys2-c remains at a high level, 
and all scanning signals Y2-a, Y2-b, and Y2-c corre- 

55 sponding to the three subpixel rows of the second pixel 
row remain at a high level for the same period. Gener- 
ally, for the period during which the pulse signal Ysi-b 
or Ysi-c remains at a high level, all scanning signals Yi- 
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a, Yi-b, and Yi-c corresponding to the three subpixel 
rows of the i-th pixel row remain at a high level. 
[0095] In the second mode, the scanning lines 112, 
which are grouped into sets, each set composed of three 
lines (the number of which corresponds to the number 
of subpixels constituting a single pixel), are supplied 
with scanning signals having active level periods not 
overlapping to each other from the top to the bottom 
lines. Since, in the second mode, the scanning signal in 
the active level thereof lasts for the period during which 
the pulse signal Ysi-b and Ysi-c remains at a high level, 
the active period in the second mode is three times that 
in the first mode. 

< Detailed Description of the Vbk Selector > 

[0096] The Vbk selector 1 40 will now be discussed in 
detail. FIG. 7 is a circuit diagram showing the construc- 
tion of the Vbk selectors 140. The Vbk selectors 140 
shown here respectively correspond to the (1-a)-th row, 
the (1-b)-th row, and the (1-c)-th row, and only the Vbk 
selector 140 for the (1-a)-th row is representatively dis- 
cussed here, because the three Vbk selectors 140 are 
identical to each other in construction. 
[0097] As shown, a switch 1412 is turned on when the 
scanning signal Y1 -a output by the scanning line driving 
circuit 130 remains at an active level (a high level). The 
switch 1 41 2 is configured with one terminal thereof con- 
nected to the signal line supplied with a signal PS and 
with the other terminal thereof connected to one terminal 
of a capacitor 1422, a control input terminal of a switch 
1416, and an input terminal of an inverter 1424. 
[0098] The other terminal of the capacitor 1422 is 
grounded, and the output of the inverter 1424 is con- 
nected to a control input terminal of a switch 1414. One 
terminal of the switch 1 41 4 is connected to a supply line 
for the voltage signal Vbkn selected by the voltage se- 
lector 1 70 (see FIG. 2). One terminal of the switch 1416 
is connected to a supply line for the voltage signal Vbkp. 
The other terminals of the switch 1414 and the switch 
1 41 6 are together connected to the first signal line 1 1 5. 
The switches 1414 and 141 6 are respectively turned on 
each time the respective control input terminals are driv- 
en to a high level. Since the control input terminals of 
the two switches are respectively connected to the input 
and output of the inverter 1424, the two switches are 
turned on and off in an exclusive fashion. 
[0099] Referring to FIG. 8(a), the signal PS is inverted 
in logic level every horizontal scanning period 1 H (which 
is a duration of time required to successively select the 
three scanning lines 1 1 2) in the first mode with the signal 
Mode at a low level. Subsequent to one vertical scan- 
ning period, the logic level is inverted during the hori- 
zontal scanning period 1 H in which the same three scan- 
ning lines 112 are selected. 

[0100] When the scanning signal Y1-a is driven to a 
high level with the signal PS at a high level in the first 
mode during one horizontal scanning period, the high 



level is held at the one terminal of the capacitor 1422, 
the switch 1414 is turned off, and the switch 1416 is 
turned on. The voltage Vbk1 -a supplied to the first signal 
line 115 of the (1-a)-th row becomes the voltage signal 
5 Vbkp supplied from the voltage selector 170, i.e., the 
positive side voltage signal Vbk(+) for turning on the 
subpixel 120a. 

[0101] Even when the scanning signal Y1 -a is driven 
to a low level, turning off the switch 1412, the capacitor 

10 1422 holds the high level potential. The switches 1414 
and 1416 continuously maintain the on and off states 
thereof. For this reason, the voltage signal Vbk1-a sup- 
plied to the first signal line 115 of the (1-a)-th row con- 
tinuously remain the voltage signal Vbk(+). 

is [0102] When the scanning signal Y1 -a is driven to a 
high level subsequent to the one vertical scanning peri- 
od, the signal PS then shifts to a low level. The voltage 
signal Vbk1-a supplied to the first signal line 11 5 of the 
(1-a)-th row becomes the voltage signal Vbkn, i.e., the 

20 negative side voltage signal Vbk(-) for turning on the 
subpixel 120a. 

[0103] This series of operational steps is performed 
for each of the 3m Vbk selectors 140, the number of 
which is equal to the total number of subpixels. In the 

25 first mode, the first signal line 115 is alternately applied 
with the voltage signals Vbk(-) and Vbk(+) each time the 
scanning signal of the corresponding row is driven to a 
high level (i.e., every vertical scanning period). In the 
first mode, the alternating driving of the subpixels is per- 

30 formed without changing the data signals Sj and Sj* to 
the data lines 114. Furthermore, in the first mode, the 
signal PS is inverted in logic level every horizontal scan- 
ning period 1 H during which the three rows correspond- 
ing to the three subpixels 120a, 120b, and 120c consti- 

35 tuting the one pixel 120 are selected. Write voltage po- 
larity is thus inverted every row in terms of the unit of 
pixel. 

[0104] In the second mode in which the signal Mode 
is at a high level as shown in FIG. 8(b), the signal PS 

<to remains at a low level for a duration of time immediately 
prior to the scanning signal output from the scanning line 
driving circuit 1 30 shifting to a high level and for a dura- 
tion of time immediately prior to the scanning signal out- 
put from the scanning line driving circuit 130 shifting to 

45 a low level. 

[0105] For this reason, when the scanning signal Y1 -a 
is driven to a high level in the second mode, the signal 
PS is driven to a low level immediately prior to the tran- 
sition of the scanning signal to the high level. The switch 

so 1414 is then turned on, and the switch 1416 is then 
turned off. Soon after that, the signal PS is transitioned 
to an high level, thereby turning off the switch 1414, and 
turning on the switch 1416. 

[0106] The voltage signal Vbk1-a supplied to the first 
55 signal line 115 of the (1-a)-th row is the voltage signal 
Vbkn(Vwt) for turning off the subpixel at the moment the 
scanning signal Y1-a is transitioned to a high level as 
shown in FIG. 8(b). Soon after that, the voltage signal 
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Vbk1 -a becomes the voltage signal Vbkp having a volt- 
age responsive to the count result Q, i.e., the ramp volt- 
age signal. 

[0107] Immediately prior to the transitioning of the 
scanning signal Y1-a to a low level, the signal PS is 
again transitioned to an low level, thereby turning on the 
switch 141 4 and turning off the switch 1 41 6. As a result, 
the voltage signal Vbk1-a becomes again the voltage 
signal Vbkn(Vwt), and this state lasts for one vertical 
scanning period until the scanning signal Y1-a is next 
driven to a high level. 

[01 08] In the second mode, the first signal line 1 1 5 is 
supplied with the voltage signal Vbkp as the ramp volt- 
age signal for the period during which the corresponding 
scanning signal remains at a high level (more precisely, 
for the period throughout which the switch 1 41 6 is turned 
on), and is applied with the voltage signal Vwt as the off 
voltage signal for the rest of the time. This operation is 
concurrently performed on the grouped three scanning 
lines 112. 

[0109] Since the voltage rising direction or the voltage 
falling direction of the ramp voltage signal in the second 
mode is inverted every horizontal scanning period 1H, 
writing operation is performed with polarity inverted eve- 
ry row in terms of the unit of pixels (every three rows in 
terms of the unit of subpixels). As already discussed, 
the voltage selector 1 70 alternates the ramp voltage sig- 
nal between the voltage rising direction and the voltage 
falling direction. 

< Detailed Description of the Data Line Driving Circuit > 

[01 10] The data line driving circuit 1 80 will now be dis- 
cussed. FIG. 9 is a block diagram showing the construc- 
tion of the data line driving circuit 180 in detail. As 
shown, a shift register 1 83 successively outputs signals 
Xs1, Xs2,..., Xsn having active level durations thereof 
not overlapping each other in a horizontal scanning pe- 
riod. The shift register 183 includes a chain of latch cir- 
cuits of (n+1) stages (not shown), the number of which 
is larger than the total number n of the data lines 1 1 4 by 
one. The latch circuit here is identical to that of the shift 
register 132 in the scanning line driving circuit 1 30. The 
shift register 183 successively shifts the pulse signal 
supplied at the start of the one horizontal scanning pe- 
riod in response to a dot clock signal, and successively 
outputs the shifted pulse signals. In practice, AND gates 
for AND gating outputs provided by latch circuits adja- 
cent to each other are arranged, like the AND gates 
1346 in the scanning signal selector 134 shown in FIG. 
5. These AND gates are not shown and the discussion 
thereof is omitted here. 

[0111] Connected to the output terminals of the shift 
register 1 83 are n switches 1 84. When the signal Xsj at 
the j-column is driven to an active level (high level), the 
corresponding switch 184 is turned on, sampling the 
gray scale data Data. 

[01 1 2] The gray scale data Data indicates the density 



of the pixel 120, and is successively supplied at a pre- 
determined timing from the outside. For simplicity of ex- 
planation, the bits of the gray scale data Data are des- 
ignated a, b, c, and d in the order from the least signifi- 

5 cant bit (LSB). As already described, the electro-optical 
device of this embodiment presents an eight-level gray 
scale display in the first mode, while a sixteen-level gray 
scale display in the second mode. The gray scale data 
Data is composed of three bits of a, b, and c in the first 

10 mode while the gray scale data Data is composed of 
four bits of a, b, c, and d. In either mode, the bit a is the 
least significant bit in either mode, and the bit d is not 
used in the first mode. 

[01 13] A first latch circuit 1 85 includes n latches of first 

15 iatch-1 , first latch-2, first latch-n. Generally, when the 
first latch j at the j-th column holds the gray scale data 
Data sampled by the corresponding switch 1 84 for the 
period corresponding to one horizontal scanning period 
1 H when the signal Xsj is driven to an active level. 

20 [0114] A second latch circuit 186 includes n unit cir- 
cuits 1 860. In the first mode, the second latch circuit 1 86 
successively shifts the bits a, b, and c of the latched gray 
scale data Data for one horizontal scanning period 1 H, 
and outputs the shifted data as the data signal Sj, while 

25 outputting data signal Sjinv complementary to the data 
signal Sj at the same time. In the second mode, the sec- 
ond latch circuit 186 outputs, as the data signal Sj, a 
timing signal which remains at a high level for a duration 
indicated by the bits a, b, c, and d of the latched gray 

30 scale data. The unit circuit 1 860 will be discussed further 
in detail. 

[0115] There are arranged n selectors 187 respec- 
tively for the outputs of n unit circuits 1860 on a one to 
one basis. The selector 187 selects the complementary 
35 data signal Sjinv from the unit circuit 1860 in the first 
mode in which the signal Mode is at a low level, while 
selecting and outputting a low level to the data line 114' 
in the second mode in which the signal Mode is at a high 
level. 

40 

< Detailed Description of the Unit Circuit > 

[01 1 6] The unit circuits 1 860 in the second latch circuit 
186 are discussed, referring to the one at the j-th col- 
45 umn. FIG. 10 is a block diagram showing the construc- 
tion of the unit circuit 1860. 

[01 17] As shown, a second latch-j designated by ref- 
erence numeral 1 861 latches the bits of a, b, c, and d of 
the gray scale data, latched again by the first latch-j in 

so the first latch circuit 1 85, in response to a latch pulse LP 
output at the start of one horizontal scanning period 1 H. 
[0118] The bits a, b, and c out of the gray scale data 
latched by the second latch-j are respectively set in an 
a-latch 1 862, a b-latch 1 863, and a c-latch 1 864. The a- 

55 latch 1862, the b-latch 1863, and the c-latch 1864 re- 
spectively shift the bits a, b, and c in response to a clock 
signal CLKs that is output every one-third of the one hor- 
izontal scanning period 1 H, and outputs the latched sig- 
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rial. A first circuit is thus composed of these latches. 
[0119] All bits a, b, c, and d of the gray scale data 
latched again by the second latch-j are fed to a decoder 
1865. The decoder (a second circuit) 1865 compares 
the count result Q from the counter 1 60 (see FIG. 2) with 
the gray scale data Data of the bits a, b, c, and d, thereby 
generating the following timing signal. 
[0120] Specifically, the decoder 1 865 sets the timing 
signal to a high level at the rising edge of the latch pulse 
LP and resets the timing signal to a low level when the 
count result Q coincides with the gray scale data Data 
indicated by the bits a, b, c, and d. The timing signal 
remains at a high level for a duration indicated by the 
gray scale data Data from the start of the one horizontal 
scanning period 1H. 

[01 21 ] A selector 1 866 selects the bits a, b, and c shift- 
ed and output respectively by the a-latch 1862, the b- 
latch 1863, and the c-latch 1864 in the first mode in 
which the signal Mode is at a low level, and outputs the 
bits a, b, and c as the data signal Sj. In the second mode 
in which the signal Mode is at a high level, the selector 
1866 selects the timing signal from the decoder 1865 
and outputs the timing signal as the data signal Sj. 
[0122] Since the data line driving circuit 180 is fabri- 
cated of complementary circuits including the unit cir- 
cuits 1 860 in the second latch circuit 1 86 in practice, the 
data line driving circuit 1 80 generates the data signal Sj 
and the data signal Sjinv complementary in level to the 
data signal Sj (in the second mode, however, the data 
signal Sjinv is not selected by the selector 187 and is 
not output to the auxiliary data line 114'). 
[01 23] The a-latch 1 862, the b-latch 1 863, and the c- 
latch 1 864 are used in the first mode only, and the de- 
coder 1 865 is used in the second mode only. The signal 
Mode may be used to enable one of the latch group and 
the decoder 1865 to function while disabling the other. 

< Operation of the Electro-optical Device of the First 
Embodiment > 

[01 24] The operations of the electro-optical device of 
the first embodiment in the first mode and the second 
mode are separately discussed. 

< First Mode > 

[0125] The first mode operation in which the signal 
Mode is at a low level is discussed. As already dis- 
cussed, the gray scale data Data is constructed of the 
three bits a, b, and c. 

[0126] FIG. 11 is a timing diagram showing the oper- 
ation in the first mode. As shown, the gray scale data 
Data for the pixel 1 20 at the first row and the first column, 
the pixel 1 20 at the first row and the second column, 
the pixel 120 at the first row and the n-th column are 
successively fed, and then, the gray scale data Data for 
the pixel 1 20 at the second row and the first column, the 
pixel 120 at the second row and the second column, 
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the pixel 120 at the second row and the n-th column are 

successively fed and then, the gray scale data Data 

for the pixel 120 at the m-th row and the first column, 
the pixel 1 20 at the m-th row and the second column, 
5 the pixel 120 at the m-th row and the n-th column are 
successively fed. 

[0127] The timing for supplying the gray scale data 
Data to the first row of pixels 1 20 is now considered. At 
the timing the gray scale data Data is supplied to the 

10 pixel 120 at the first row and the first column, the signal 
Xs1 output from the data line driving circuit 180 (see 
FIG. 9) is driven to an active level. The gray scale data 
Data is latched by the first column first latch- 1 in the first 
latch circuit 185. At the timing the gray scale data Data 

15 is supplied to the pixel 1 20 at the first row and the second 
column, the signal Xs2 is driven to an active level, and 
the gray scale data Data is latched by the second col- 
umn first latch-2 in the first latch circuit 185. Similarly, 
the gray scale data Data for the pixel 1 20 at the first row 

20 and the n-th column is latched by the n-th column first 
latch-n in the first latch circuit 185. In this way, the gray 
scale data Data for the first row of pixels are respectively 
latched by the first latch-1, the first latch-2, the first 
latch-n. 

25 [01 28] In response to the output of the latch pulse LP, 
the gray scale data Data latched by the first latch-1 , the 
first latch-2, the first latch-n are simultaneously 
latched by the second latch-1 , the second latch-2,..., the 
second latch-n in the second latch circuit 186. 

30 [01 29] The bits a, b, and c of the gray scale data Data 
latched at each column are respectively transferred by 
the a-latch 1 862, the b-latch 1 863, and the c-latch 1 864 
(see FIG. 10) in response to the clock signal CLKs. 
[0130] In the first mode in which the signal Mode is at 

35 a low level, the selector 1 866 selects and feeds the out- 
put of the a-latch 1862 to the data line 1 1 4 as the data 
signal. For example, data signal S1 corresponding to the 
first column is at the level of the bit a of the gray scale 
data for the pixel at the first row and the first column 

40 during a first segment equal to one third of the one hor- 
izontal scanning period 1 H. The data signal S1 is at the 
level of the bit b of the gray scale data for a second seg- 
ment, and is at the level of the bit c of the gray scale 
data for a third segment. The same is true of the data 

45 signals S2, S3, Sn for the second column and suc- 
ceeding columns. In the first mode, the selector 1 87 (see 
FIG. 9) selects and outputs the complementary data sig- 
nals from the unit circuits 1 860 to the auxiliary data line 
114'. 

so [0131] For the first segment, the scanning signal G1 -a 
is driven to an active level. The n subpixels 120a at the 
(1-a)-th row are turned on or off for displaying in re- 
sponse to the data signal of the corresponding column 
(i.e., the least significant bit a). For the second segment, 

55 the scanning signal G1 -b is driven to an active level. The 
n subpixels 1 20b at the (1 -b)-th row are turned on or off 
for displaying in response to the data signal of the cor- 
responding column (i.e., the bit b). For the third seg- 
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ment, the scanning signal G1-c is driven to an active 
level. The nsubpixels 120c at the (1-c)-th row are turned 
on or off for displaying in response to the data signal of 
the corresponding column (i.e., the most significant bit 
c). 

[0132] A similar operation is successively repeated 
for the subpixels 1 20a, 1 20b, and 1 20c positioned at the 
(2-a)-th row, the (2-b)-th row, the (2-c)-th row, the (3-a)- 
th row, the (3-b)-th row, the (3-c)-th row,..., the (m-a)-th 
row, the (m-b)-th row, and the (m-c)-th row. The area 
ratio of the subpixels 120a, 120b, and 1 20c is set to be 
approximately 1 :2:4 in accordance with the weights of 
the bits a, b, and c. If the three adjacent subpixels 1 20a, 
1 20b, and 1 20c are viewed as one pixel 1 20 in the same 
column, a gray scale display based on the area gray 
scale method is performed. 

[01 33] The voltage signal supplied to each first signal 
line 115 is alternately supplied with the voltages Vbk(+) 
and Vbk(-) every three subpixel rows. The write voltage 
polarity is thus inverted every row in terms of the unit of 
pixels (rather than in terms of subpixels). This arrange- 
ment controls the generation of flickering. The voltage 
signal supplied to the same first signal line 115 is 
switched between the Vbk(+) and the Vbk(-) at the se- 
lected timing when one vertical scanning period has 
elapsed. The liquid crystal 105 is thus driven in the al- 
ternating driving method in each subpixel. 
[0134] In response to the storage content in the ca- 
pacitor Cm, each of the subpixels 1 20a, 1 20b, and 1 20c 
selects the voltage signal Vbk(+) or Vbk(-) supplied to 
the first signal line 115 or the voltage signal Vwt supplied 
to the second signal line 1 1 6 to present an on or off dis- 
play. There is no need for data rewriting through driving 
the scanning signal to an active level every vertical 
scanning period. The subpixels 120a, 120b, and 120c 
do not need to modify the on and off states thereof. The 
voltage in the corresponding scanning line 112 suffers 
from no fluctuations if the signal ENB is transitioned to 
a low level at the timing of the selection of the corre- 
sponding scanning line 112. No power is consumed in 
the capacitive load of the scanning lines 112. Since the 
first switch 1202 (see FIG. 4) is not driven for switching, 
no power is consumed accordingly. Power consumption 
is accordingly reduced. 

< Second Mode > 

[0135] The second mode operation with the signal 
Mode at a high level is now discussed. In the second 
mode, the gray scale data Data is composed of the four 
bits a, b, c, and d as already discussed. 
[0136] FIG. 12 is a timing diagram showing the sec- 
ond mode operation. As shown, the second latch- 1 , the 
second latch-2,..., the second latch-n in the second latch 
circuit 186 concurrently latch the gray scale data Data 
in the same way as in the first mode. 
[01 37] Specifically, first, as shown, the gray scale data 
Data for the pixel 1 20 at the first row and the first column, 



the pixel 1 20 at the first row and the second column, 
the pixel 120 at the first row and the n-th column are 
successively fed, and then, the gray scale data Data for 
the pixel 1 20 at the second row and the first column, the 

5 pixel 120 at the second row and the second column, 
the pixel 1 20 at the second row and the n-th column are 
successively fed, and then, the gray scale data Data 
for the pixel 1 20 at the m-th row and the first column, 
the pixel 120 at the m-th row and the second column, 

10 the pixel 1 20 at the m-th row and the n-th column are 
successively fed. Second, at the timings when the gray 
scale data Data for the pixel 1 20 at the first row and the 
first column, the pixel 1 20 at the first row and the second 
column, .... the pixel 1 20 at the first row and the n-th col- 

15 umn are successively fed, the signals Xs1 , Xs2,..., Xsn 
are successively driven to an active level, and then the 
gray scale data Data is respectively latched by the first 
latch-1, the first latch-2,..., the first latch-n in the first 
latch circuit 185. In this way, the gray scale data Data 

20 for the first row of pixels 120 are respectively latched. 
Third, in response to the latch pulse LP, the gray scale 
data Data respectively latched are latched by the sec- 
ond latch-1, the second latch-2,..., and the second 
latch-n in the second latch circuit 186. In the above op- 

25 eration, the second mode is identical to the first mode. 
[0138] In the second mode, however, the bits a, b, c, 
and d of the gray scale data Data latched in the second 
latch-1, the second latch-2, the second latch-n are 
fed to the decoder 1865 of the corresponding column. 

30 Generally, the decoder 1 865 at the j-th column sets the 
timing signal to a high level at the rising edge of the latch 
pulse LP and thereafter resets the timing signal to a low 
level when the count result Q coincides with the value 
of the bits a, b, c, and d supplied by the second latch-j. 

35 [0139] In the second mode in which the signal Mode 
is at a high level, the selector 1866 selects the timing 
signal from the decoder 1865, and supplies the timing 
signal as the data signal to the data line 114. For exam- 
ple, the gray scale data Data for the pixel 1 20 at the first 

*o row and the first column, the pixel 120 at the first row 

and the second column the pixel 120 at the first row 

and the n-th column are respectively latched by the sec- 
ond latch-1, the second latch-2,..., and the second 
latch-n in the second latch circuit 186. For example, 

45 when the gray scale data Data for the first row and the 
first column is decimal number "10" (a=0, b=1 , c=0, and 
d=1 in a binary system), the data signal S1 at the first 
column is set to a high level at the rising edge of the 
latch pulse LP and is then driven to a low level at the 

50 timing when the count result Q coincides with "1 0". FIG. 
12 shows only the data signal S1 for the first column, 
and the data signals S2, S3,.. ., Sn on the second column 
and subsequent columns change the level thereof de- 
pending on the corresponding gray scale data Data. In 

55 the second mode, the selectors 1 87 (see FIG. 9) respec- 
tively select and supply a low level to the auxiliary data 
lines 1 1 4\ The data signals S1 '-Sn* continuously remain 
at a low level. 
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[01 40] The scanning signals G1 -a, G1 -b, and G1 -c for 
the (1-a)-th row, the (1-b)-th row, and the (1-c)-th row 
are concurrently driven to an active level for the period 
during which the gray scale data Data for the pixel 120 
at the first row and the first column, the pixel 120 at the 
first row and the second column, the pixel 1 20 at the 
first row and the n-th column are respectively latched by 
the latch pulses LP of the second latch-1, the second 
latch-2, and the second latch-n. The scanning sig- 
nals G1-a, G1-b, and G1-c actually output to the scan- 
ning lines 1 1 2 are the scanning signals Y1 -a, Y1 -b, and 
Y1 -c prior to the passing thereof through the enable cir- 
cuit 1 50. For the period during which these scanning sig- 
nals remain at an active level, the voltage signals 
Vbk1-a, Vbk1-b, and Vbkl-c become the same ramp 
voltage signal (see FIG. 8(b)). 

[0141] When the scanning signals G1-a, G1-b, and 
G1-c are driven to an active level, switches SW1 are 
concurrently turned on (see FIG. 4) and switches SW5 
are concurrently turned on for the period during which 
the data signal Sj remains at a high level in the subpixels 
120a, 120b, and 120c at the intersections of the scan- 
ning lines 112 of the (1-a)-th row, the (1-b)-th row, and 
the (1-c)-th row and the data line 114atthej-th column. 
As a result, the ramp voltage signals supplied to the first 
signal lines 115 of the (1-a)-th row, the (1-b)-th row, and 
the (1-c)-th row are sampled at the capacitance of the 
liquid crystal. When the data signal S1 is driven to a low 
level, the switch SW5 is turned off, and the ramp voltage 
signal, immediately prior to the turning off of the switch 
SW5, is held in the capacitance of the liquid crystal. 
[01 42] In the second mode, the subpixels 1 20a, 1 20b, 
and 120c forming the single pixel 120 present a gray 
scale display having the same density in response to 
the held voltage. A similar operation is line-sequentially 
performed on the second row, the third row, the m- 
th row of pixels 120. In other words, the operation of 
sampling and holding the ramp voltage signal is per- 
formed in response to the data signal every three sub- 
pixels forming the pixel at a single row every horizontal 
scanning period 1H. 

[0143] A falling ramp voltage signal is now fed to the 
first signal lines 115 at the (1-a)-th row, the (1-b)-th row, 
and the (1-c)-th row. Since the first signal lines 115 at 
the next rows of (2-a), (2-b), and (2-c) are supplied with 
a rising ramp voltage signal (see FIG. 8(b)). Write volt- 
age polarity is thus inverted in terms of the unit of pixel 
(not the unit of subpixel) as in the first mode. The gen- 
eration of flickering is thus controlled. 
[0144] When one vertical scanning period has 
elapsed since the falling ramp voltage signal was fed to 
the first signal lines 115 at the (1-a)-th row, the (1-b)-th 
row, and the (1 -c)-th row, a rising ramp voltage signal is 
now fed to the same first signal lines 11 5 at the (1 -a)-th 
row, the (1-b)-th row, and the (1-c)-th row. The liquid 
crystal 1 05 is thus driven in the alternating driving meth- 
od in each subpixel. 
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< Summary of the First Embodiment > 

[0145] In the first mode in the electro-optical device 
of the first embodiment, the subpixels 120a, 120b, and 

5 1 20c are turned on and off in response to the gray scale 
data Data, and a gray scale display based on the area 
gray scale method is presented. It suffices to rewrite the 
storage content of the capacitor Cm in only the subpixel 
that needs updating. A high-quality display free from 

10 nonuniformities is thus presented with low power con- 
sumption involved. In the second mode, one pixel 
presents a gray scale display having the same density, 
although each pixel is split into three subpixels. The 
electro-optical device thus presents a gray scale display 

15 having levels, the number of which is larger than the 
number of subpixels. Selecting one of the modes de- 
pending on operational conditions, the electro-optical 
device of this embodiment presents a high-quality dis- 
play free from nonuniformities or a multi-level gray scale 

20 display. 

[0146] The first mode may be selected to display still 
pictures, characters and line drawings, or when there is 
low battery remaining power available, or when the de- 
vice is on a standby. The second embodiment may be 

25 selected to display moving pictures, a landscape, and 
pictures. A separate determination mechanism may be 
employed to select between the first mode and the sec- 
ond mode, by accounting for a variety of conditions, or 
a user may manually select between the first mode and 

30 the second mode using a separately arranged switch. 
[0147] In the above-referenced first embodiment, one 
first signal line 115 and one second signal line 116 are 
arranged on the basis of per scanning line 112. Alterna- 
tively, one first signal line 1 1 5 and one second signal line 

35 116 are arranged on the basis of per three scanning 
lines 112. 

< Another Construction of Subpixel > 

40 [0148] In the first embodiment, the subpixels 120a, 
120b, and 120c constituting the one pixel 120 have the 
construction shown in FIG. 4. In practice, the switches 
SW1 and SW2 in the first switch 1 202 and the switches 
SW5 and SW6 in the second switch 1 204 are fabricated 

45 of N-channel TFTs (Thin-Film Transistors) 1 221 , 1 222, 
1225, and 1226 through polysilicon processing as 
shown in FIG. 13. The logic levels of the voltages sup- 
plied to the scanning lines 112, the data lines 114, and 
the auxiliary data lines 114" need to be determined tak- 

50 ing into account the characteristics of these transistors. 
[0149] However, if the switches SW1 and SW2 in the 
first switch 1202 are fabricated of complementary tran- 
sistors 1231 and 1232, i.e., a combination of a P-chan- 
nel transistor and an N-channel transistor as shown in 

55 FIG. 14, the characteristics of the elements require no 
particular consideration. In this arrangement, the offset 
voltages of the transistors 1 221 and 1 222 shown in FIG. 
13 cancel each other, and the voltage supplied to the 
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scanning line 112 is reduced accordingly. However, this 
arrangement requires that two scanning signals com- 
plementary to each other in logic level be supplied to 
one row of subpixels. For example, besides the scan- 
ning signal Gi-a, the (i-a)-th row needs a scanning signal 
Gi-a* complementary to the scanning signal Gi-a. Spe- 
cifically, one row of subpixels need two scanning lines 
112 and 112'. 

[0150] Similarly, if the switches SW5 and SW5 in the 
second switch 1204 are fabricated of complementary 
transistors 1235 and 1236, i.e., a combination of a P- 
channel transistor and an N-channel transistor as 
shown in FIG. 14, the characteristics of the elements 
require no particular consideration. In this arrangement, 
the offset voltages of the transistors 1235 and 1236 
shown in FIG. 1 3 cancel each other, and the voltages 
supplied to the data line 114 and the auxiliary data line 
114' are reduced accordingly. 

[0151] If the complementary transistors are used for 
the first switch 1202 and the second switch 1204, the 
voltages supplied to the scanning lines 1 1 2 and the data 
lines 114 (auxiliary data lines 114') are lowered in level 
accordingly, and a common voltage level may be shared 
between the voltages. In this arrangement, the number 
of voltages may be reduced, the construction of power 
source circuits may be simplified, and cost reduction 
may be implemented. 

[0152] Referring to FIG. 1 4, the other terminal of the 
storage capacitor Cs is connected to a capacitive line 
195. In the first embodiment, the voltage signal applied 
to the second signal line 116 in the first mode and the 
second mode is the voltage signal Vwt corresponding 
to the off voltage and is fixed. The other terminal of the 
storage capacitor Cs may be connected to the second 
signal line 116. However, when the complementary tran- 
sistors are used, the same ramp voltage signal is pref- 
erably supplied to the first signal line 1 1 5 and the second 
signal line 116 to reduce impedance during writing, and 
the connecting of the other terminal of the storage ca- 
pacitor Cs to the capacitive line 195 as shown in FIG. 
14 is therefore preferable. 

[0153] In the first mode in the first embodiment, the 
storage element for holding the voltage of the data line 
114 and the auxiliary data line 11 4' is formed of a single 
capacitor Cm. Alternatively, two capacitors of Cm1 and 
Cm2 may be used to separately hold the voltage levels 
of the data line 114 and the auxiliary data line 114' as 
shown in FIG. 15. In the first mode, the data signal Sj 
supplied to the data line 114 and the data signal Sj* sup- 
plied to the auxiliary data line 114' are complementary 
in logic level. Even if there happens a change in the logic 
level, charge simply moves along the common second 
signal line 116 between the capacitors Cm1 and Cm2 
within the same subpixel. No power is additionally con- 
sumed, and the second signal line 1 1 6 that connects the 
two capacitors suffers from no voltage fluctuations. In 
this case, again, the switches SW1 and SW2 in the first 
switch 1 202 and the switches SW5 and SW6 in the sec- 



32 

ond switch 1204 are actually fabricated of N-channel 
TFTs (Thin-Film Transistors) 1221, 1222, 1225, and 
1226 through polysilicon processing as shown in FIG. 
16. 

5 [0154] In the second mode in the first embodiment, 
mode control is indirectly performed on the subpixels by 
driving the auxiliary data line 114' to a low level. The 
present invention is not limited to this. The signal Mode 
may be supplied to the subpixels, thereby directly con- 
trolling the mode of the subpixels. FIG 1 7 shows the ar- 
rangement for such an operation. 
[0155] Referring to FIG. 17, a signal line 197 for sup- 
plying the signal Mode is closely arranged in parallel 
with the scanning line 112. A NOR gate 1240 for NOR 
gating the signal Mode and the storage voltage at the 
capacitor Cm1 is arranged for each subpixel. The NOR 
gate output signal is used to control the switch SW6 in 
the second switch 1 204 for on and off operation. 
[0156] In the first mode with the signal Mode at a low 
level in this arrangement, the output of the NOR gate 
1240 is defined by only the storage voltage of the ca- 
pacitor Cm I. The switches SW5 and SW6 are turned on 
and off in an exclusive fashion. In the second mode with 
the signal Mode at a high level, the output of the NOR 
gate 1240 remains at a low level regardless of the stor- 
age voltage of the capacitor Cml. The switch SW6 is 
turned off. This arrangement operates in the same way 
as the first embodiment 

[0157] In comparison with the first embodiment, this 
arrangement requires the supply of a separate power 
source voltage for the NOR gate 1240. However, this 
arrangement eliminates the need for arranging two sup- 
ply lines for a low voltage and a high voltage per each 
row of subpixels. As shown in FIG. 1 7, a first supply line 
1 91 for supplying a low voltage Vss and a second supply 
line 192 for supplying a high voltage Vdd are alternately 
arranged every row of subpixels. The NOR gate 1 240 
of one subpixel is supplied with the low voltage Vss of 
the power source and the high voltage Vdd of the power 
source by a supply line in the close vicinity of the scan- 
ning line 112 of the corresponding subpixel row and a 
supply line in the close vicinity of another scanning line 
112 adjacent to the first scanning line 112. In this ar- 
rangement, the first supply line 1 91 and the second sup- 
ply line 1 92 remain at a constant voltage. The capacitor 
Cm1 may be alternately connected to the first supply 
line 191 and the second supply line 192 as shown in 
FIG. 17. 



[0158] In the first embodiment discussed above, the 
number of switches per subpixel is four as shown in FIG. 
4, FIG. 1 3, FIG. 1 4, FIG. 1 5, and FIG. 1 6. In the arrange- 
55 ment shown in FIG. 1 7, the number of switches is three, 
but the NOR gate 1240 is additionally needed. In either 
case, the number of transistors per subpixel is at least 
four. 
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[0159] As is known, the yield of the device drops as 
the number of elements per pixel increases. The smaller 
the number of transistors per subpixel, the better. Dis- 
cussed next is a second embodiment having a transistor 
count smaller than that of the first embodiment. 
[0160] FIG. 18 is a block diagram showing the elec- 
trical construction of an electro-optical device of the sec- 
ond embodiment. As shown, components identical to 
those described with reference to FIG. 2 are designated 
with the same reference numerals, and the discussion 
thereof is skipped. The second embodiment is mainly 
discussed from the point of difference from the first em- 
bodiment. 

[0161] In the second embodiment, each column has 
no auxiliary data line 1 1 4\ A data line driving circuit 1 82 
in the second embodiment includes no selector 1 87 (see 
FIG. 9) for each column. The scanning line 112 is ar- 
ranged on each row. Instead of the first signal line 115 
and the second signal line 11 6, a display refresh control 
line 1 1 3, a third signal line 1 45, and a capacitive line 1 95 
are arranged. 

[01 62] The capacitive line 1 95 commonly feeds a con- 
stant voltage Vsg to all subpixels in the same way as 
shown in FIG. 14. The voltage signal Vwt equivalent to 
the off voltage may be used as the voltage Vsg. 
[0163] In the first mode, the display refresh control 
line 113 is supplied with a signal (a refresh command 
signal) for refreshing the display of a subpixel on the 
corresponding row in response to the storage content 
of the storage element Cm. The third signal line 145 is 
supplied with a voltage signal for turning on the subpixel 
of the corresponding row in the first mode. In the second 
mode, the third signal line 145 is supplied with a ramp 
voltage signal similar to that in the first embodiment. 
[0164] The signals respectively supplied to the dis- 
play refresh control line 1 1 3 and the third signal line 1 45 
are selected by a VLC selector 142 arranged for each 
corresponding row. In the second embodiment, the VLC 
selector 142 is substituted for the Vbk selector 140 on 
each row. 

[0165] For simplicity of explanation, the signals se- 
lected by the VLC selectors 142 corresponding to the (i- 
a)-th row, the (i-b)-th row, and the (i-c)-th row and sup- 
plied to the corresponding display refresh control lines 
113 are respectively designated Ri-a, Ri-b, and Ri-c. 
Voltage signals supplied to the corresponding third sig- 
nal lines 145 are respectively designated VLCi-a, VLCi- 
b, and VLCi-c. The VLC selector 142 will be discussed 
in detail later. 

< Detailed Description of the Subpixel > 

[0166] The subpixels 120a, 120b, and 120c in the sec- 
ond embodiment will now be discussed in detail. FIG. 
1 9 is a circuit diagram of one pixel at the i-th row and j- 
th column. 

[01 67] As shown, the three subpixels 1 20a, 1 20b, and 
1 20c forming the pixel at the i-th row and j-th column are 
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electrically identical to each other (but the areas of the 
three subpixels are different from each other as in the 
first embodiment). In the first mode, the subpixel 120a, 
which is turned on and off in response to the least sig- 

5 nificant bit of the gray scale data, is now considered. 
The subpixel 1 20a includes a third switch 1 252, a fourth 
switch 1254, and a fifth switch 1256. 
[0168] The third switch 1252 is turned on when the 
scanning signal Gi-a is driven to an active level (a high 

10 level). The third switch 1 252 is configured with one ter- 
minal thereof connected to a data line 114 with which 
the data signal Sj is supplied, and with the other terminal 
thereof connected one electrode of a capacitor Cm as 
a storage element. The other electrode of the capacitor 

15 Cm is connected to the capacitive line 1 95. 

[0169] The fourth switch 1254 is turned on when the 
voltage at the one electrode of the capacitor Cm is at a 
high level. The fifth switch 1256 is turned on when the 
signal Ri-a supplied to the display refresh control line 

20 11 3 at the (i-a)-th row is driven to an active level (a high 
level). One terminal of the fourth switch 1254 and one 
terminal of the fifth switch 1 256 are connected together 
to the third signal line 1 45, with which the voltage signal 
VLCi-a at the (i-a)-th row is supplied, while the other ter- 

25 minals of the fourth switch 1254 and the fifth switch 1256 
are connected together to one terminal of a subpixel 
electrode 1218 and one terminal of a storage capacitor 
Cs. In this embodiment, the other ends of the storage 
capacitors Cs in all subpixels are all connected together 

30 to the capacitive line 1 95 as already discussed (see FIG. 
18). 

[01 70] The ratio of the capacitances of the liquid crys- 
tals of the subpixels 120a, 120b, and 120c are approx- 
imately 1 :2:4 in accordance with the area ratio of the 
35 subpixel electrodes 1 21 8. Also, the capacitances of the 
capacitors Cs are set in accordance with the same ratio 
as in the first embodiment. 

[01 71 ] In the second embodiment, the three subpixels 
1 20a, 1 20b, and 1 20c are constructed as shown in FIG. 

40 19. in practice, the third switch 1252, the fourth switch 
1 254, and the fifth switch 1 256 are fabricated of N-chan- 
nel TFTs of polysilicon as an active layer as shown in 
FIG. 27. In this arrangement, N-channel TFTs may be 
combined with P-channel TFTs in a complementary con- 

45 struction. 

< Detailed Description of the VLC Selector > 

[0172] The VLC selector 1 42 will be now discussed in 
so detail. FIG. 20 is a circuit diagram showing the construc- 
tion of the VLC selector 1 42. Although the VLC selectors 
142 respectively correspond to the (1-a)-th row, the 
(1-b)-th row, and the (1-c)-th row, they are identical in 
construction. Here, the VLC selector 142 for the (1-a)- 
55 th row is discussed. 

[0173] As shown, a switch 1462 is turned on when the 
scanning signal Y1 -a output by the scanning line driving 
circuit 1 30 for that corresponding row is driven to an ac- 
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tive level (a high level). The switch 1462 is configured 
with one terminal thereof connected to a signal line for 
the signal PS, and with the other terminal thereof con- 
nected to one terminal of a capacitor 1472, a control in- 
put terminal of a switch 1464, and an input terminal of 
an inverter 1 474. 

[01 74] The other terminal of the capacitor 1 472 is con- 
nected to a supply line of a voltage low in logic level. 
The output terminal of the inverter 1474 is connected to 
a control input terminal of a switch 1466. One terminal 
of the switch 1 464 is connected to a supply line of a volt- 
age signal Vbkp. One terminal of the switch 1 466 is con- 
nected to a supply line of a voltage signal Vbkn. The 
other terminals of the switch 1464 and the switch 1466 
are connected together to one terminal of a switch 1 493. 
[01 75] Each of the switches 1 464 and 1 466 is turned 
on when the control input terminal thereof is driven to a 
high level. Since the input terminals of these switches 
are respectively connected to the input terminal and the 
output terminal of the inverter 1 474, the two switches 
are turned on and off in an exclusive fashion. Specifi- 
cally, either the voltage signal Vbkp or the voltage signal 
Vbkn is selected depending on the voltage held at the 
one terminal of the capacitor 1 472, and is then supplied 
to the one terminal of the switch 1493. 
[0176] An AND gate 1482 AND gates the scanning 
signal Y1 -a and the signal Mode inverted by an inverter 
1 41 and feeds the AND gate output signal as the signal 
R1-a to the display refresh control line 113. The AND 
gate output signal is supplied to a control input terminal 
of a switch 1491 and a control input terminal of the 
switch 1493 via an inverter 1484. 
[0177] One terminal of the switch 1491 is connected 
to the supply line of the voltage signal Vwt and the other 
terminals of the switches 1491 and 1493 are connected 
together to the third signal line 145. The switches 1491 
and 1493 are turned on when their control input termi- 
nals are driven to a high level, and since their control 
input terminals are respectively connected to the input 
terminal and the output terminal of the inverter 1 484, the 
two switches are turned on and off in an exclusive fash- 
ion. Specifically, the voltage signal Vwt, or the voltage 
signal Vbkp, or the voltage signal Vbkn is selected de- 
pending on the level of the AND gate output signal of 
the AND gate 1482. The selected voltage signal is then 
supplied as the voltage signal VLC1 -a to the third signal 
line 145. 

[0178] In this arrangement, the AND gate 1482 is 
opened in the first mode with the signal Mode at a low 
level. The scanning signal Y1-a from the scanning line 
driving circuit 130 is directly output as the signal R1-a. 
[0179] The signal PS remains unchanged from that in 
the first embodiment. More specifically, as shown in FIG. 
21 , the signal PS is inverted in logic level every horizon- 
tal scanning period 1 H (the period required to succes- 
sively select the three scanning lines 112) in the first 
mode with the signal Mode at a low level. Subsequent 
to the one vertical scanning period, the signal PS is in- 



verted in logic level for the next horizontal scanning pe- 
riod 1 H during which the same three scanning lines 112 
are selected. 

[01 80] When the scanning signal Y1 -a is transitioned 
s to a high level in one horizontal scanning period 1 H dur- 
ing which the signal PS remains at a high level, the high 
level voltage is held at the one terminal of the capacitor 
1472. The switch 1464 is turned on, while the switch 
1466 is turned off. The AND gate 1482 turns on the 
10 switch 1491 while turning off the switch 1493. In the first 
mode, the voltage signal Vwt is thus selected as the volt- 
age signal VLC1 -1 for the period during which the scan- 
ning signal Y1-a remains active. 

[0181] Even when the switch 1462 is turned off with 

15 the scanning signal Y1 -a transitioned to a low level, the 
high level signal PS is continuously held at the one ter- 
minal of the capacitor 1 472. The on and off states of the 
switches 1464 and 1466 are maintained. Since a low 
level scanning signal Y1 -a drives the signal R1 -a of the 

20 AND gate 1 482 to a low level, the switch 1 491 is turned 
off, and the switch 1493 is turned on. The on and off 
states of these switches are maintained thereafter. In 
the first mode, when the scanning signal Y1-a is transi- 
tioned to a low level in one horizontal scanning period 

25 1 h during which the signal PS remains at a high level, 
the voltage signal Vbkp, i.e., Vbk(+), is continuously se- 
lected as the voltage signal VLC1 -a until the scanning 
signal Y1-a is driven back to a high level after one ver- 
tical scanning period 1 V. 

30 [0182] When the scanning signal Y1-a is driven back 
to a high level, the switch 1 491 is turned on and the 
switch 1493 is turned off. The voltage signal Vwt is then 
output as VLC1-a. The scanning signal Y1-a becomes 
again high in level for the period during which the signal 

35 PS is at a low level as shown in FIG. 21 . When the scan- 
ning signal Y1-a becomes again high in level, the volt- 
age held at the one terminal of the capacitor 1472 is at 
a low level. The switch 1 464 is turned off, and the switch 
1466 is turned on. When the scanning signal Y1-a is 

40 transitioned to a low level in one horizontal scanning pe- 
riod 1H during which the signal PS is at a low level, the 
voltage signal Vbkn, i.e., Vbk(-), is continuously select- 
ed as the voltage signal VLC1 -a until the scanning signal 
Y1 -a is transitioned back to a high level after one vertical 

45 scanning period 1V. 

[01 83] The above operation is carried out in each VLC 
selector 142 in response to the level change in the cor- 
responding scanning signal. As discussed above, in the 
first mode, the signal PS remains unchanged in logic 

so level during one horizontal scanning period during which 
the scanning signals Yi-a, Yi-b, and Yi-c are successive- 
ly driven to a high level. For the period during which each 
of the scanning signals remains at a low level (a non- 
selective period in the i-th row pixel), the on voltage po- 

55 larities of the voltage signals VCLi-a, VLCi-b, and VLCi- 
c are identical to each other, and are inverted every ver- 
tical scanning period 1 V. Since the signal PS is inverted 
every horizontal scanning period 1 H, the voltage signals 
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Vbk(+) and Vbk(-) are alternately supplied to the third 
signal lines 145 every three subpixel rows. 
[0184] In the first mode, the voltage signal selected 
and output to the third signal line 1 45 by the VLC selec- 
tor 1 42 in the second embodiment is different from the s 
voltage selected and output to the first signal line 115 
by the Vbk selector 140 in the first embodiment as fol- 
lows: when a given row is selected, the switching be- 
tween the voltage signals Vbk(+) and Vbk(-) is directly 
performed in the first embodiment, while the switching 
between the voltage signals Vbk(+) and Vbk(-) is per- 
formed with the voltage signal Vwt selected in the mid- 
way point from Vbk(+) to Vbk(-) or from Vbk(-) to Vbk(+) 
in the second embodiment as understood from the com- 
parison of FIG. 8(a) with FIG. 21 . 
[0185] In the second mode with the signal Mode at a 
high level, the AND gate 1482 in FIG. 20 is closed. The 
switch 1 491 is fixed to be turned off, while the switch 
1493 is fixed to be turned on. In the second mode, the 
signal PS remains unchanged from that in the first em- 
bodiment. More specifically, as shown in FIG. 22, the 
signal PS remains at a low level for a duration immedi- 
ately prior to the scanning signal output from the scan- 
ning line driving circuit 130 shifting to a high level and 
for a duration immediately prior to the scanning signal 
output from the scanning line driving circuit 130 shifting 
to a low level. 

[0186] In the second mode, the switch 1 464 is turned 
off and the switch 1466 is turned on because the signal 
PS is transitioned to a low level immediately prior to the 
transitioning of the scanning signal Y1 -a to a high level. 
Soon after that, the signal PS is transitioned to an high 
level, thereby turning on the switch 1464, and turning 
off the switch 1466. 

[01 87] The voltage signal VLC1 -a supplied to the third 
signal line 145 at the (1 -a)-th row becomes the voltage 
signal Vbkn(Vwt) for turning off the subpixel at the mo- 
ment the scanning signal Y1 -a is transitioned to a high 
level as shown in FIG. 22. Immediately after that, the 
voltage signal VLC1 -a becomes the voltage signal Vbkp 
as the ramp voltage signal in response to the count re- 
sult Q. 

[01 88] The signal PS is driven to a low level immedi- 
ately prior to the transitioning of the scanning signal 
Y1-a to a low level, thereby turning off the switch 1464 
and turning on the switch 1466. The voltage signal 
VLC1-a becomes again the voltage signal Vbkn(Vwt) 
and this state continues until the scanning signal Y1-a 
is driven to a high level after the one vertical scanning 
period IV. 

[01 89] In the second mode, the voltage signal select- 
ed and output to the third signal line 145 by the VLC 
selector 142 in the second embodiment is identical to 
the voltage selected and output to the first signal tine 
115 by the Vbk selector 140 in the first embodiment, as 
understood from the comparison of FIG. 8(b) with FIG. 
22. 
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< Operation of the Electro-optical Device of the Second 
Embodiment > 

[01 90] The first mode operation and the second mode 
operation of the electro-optical device of the second em- 
bodiment are now individually discussed. The scanning 
line driving circuit 130 in the second embodiment re- 
mains the same as that of the first embodiment. The da- 
ta line driving circuit 182 in the second embodiment is 
identical to the data line driving circuit 180 in the first 
embodiment without the circuit for data outputting for the 
auxiliary data line 114'. For this reason, the discussion 
here focuses on the display operation of the subpixel. 
The electro-optical device of the second embodiment al- 
so operates in a normally white mode with a white dis- 
play presented with no voltage applied. The subpixel 
120a at the (i-a)-th row and the j-th column is represent- 
atively discussed. 

< First Mode > 

[0191] Discussed first is the first mode, in which the 
signal Mode is at a low level. 

[0192] When the third switch 1252 is turned on with 
the scanning signal Gi-a supplied to the scanning line 
112 at the (i-a)-th row transitioned to an active level (a 
high level), the bit level of the data signal Sj supplied via 
the data line 114 is held at the one terminal of the ca- 
pacitor Cm, and the fourth switch 1254 is turned off or 
on in response to the storage content of the capacitor 
Cm. 

[0193] Specifically, when the subpixel 120a is turned 
off (for a white display), a low level bit as the data signal 
Sj is supplied as shown in FIG. 23(a), and is then stored 
in the capacitor Cm. The fourth switch 1254 is thus 
turned off. To turn on the subpixel 120a (for a black dis- 
play), a high level bit is supplied as the data signal Sj as 
shown in FIG. 24(b), and is stored in the capacitor Cm. 
The fourth switch 1254 is thus turned on. 
[0194] When the scanning signal Gi-a is transitioned 
to an active level, the signal Ri-a supplied to the display 
refresh control line 113 is also transitioned to an active 
level in this embodiment. The third signal line 1 45 is sup- 
plied with the voltage signal Vwt as the voltage signal 
VLCi-a for causing the subpixel to present a white dis- 
play. The voltage applied to the subpixel electrodes 
1218 becomes the voltage signal Vwt for presenting a 
white display. 

[0195] Even when the third switch 1252 is turned off 
in succession to the transitioning of the scanning signal 
Gi-a to an inactive level (a low level), the on and off state 
of the fourth switch 1 254 is maintained by the capacitor 
Cm. When the scanning signal Gi-1 is transitioned to an 
inactive level, the third signal line 145 is supplied with 
one of the voltage signals Vbk(+) and Vbk(-) as the volt- 
age signal VLCi-a for presenting a black display on the 
corresponding subpixel. In this embodiment, for the pe- 
riod during which the scanning signal Gi-a remains at 
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an inactive level, the signal Ri-a also remains at an in- 
active level. The fifth switch 1 256 is turned off. 
[01 96] To present a white display on the subpixel, the 
voltage signal Vwt supplied to the subpixel electrodes 
1 21 8 is continuously held by the capacitance of the liq- 
uid crystal and the subpixel electrode 1 21 8 as shown in 
FIG. 23(b) when the signal Ri-a is transitioned to an ac- 
tive level. The subpixel 120a thus presents a white dis- 
play. 

[01 97] To present a black display on the subpixel, the 
on state of the fourth switch 1254 is maintained by the 
capacitor Cm as shown in FIG. 24(b). The subpixel elec- 
trode 1218 is thus applied with one of the voltage signals 
Vbk(+) and Vbk(-), causing the subpixel 1 20a to present 
a black display. 

[0198] The voltage signal VLCi-a shifts to the voltage 
signal Vwt at the moment the scanning signal Yi-a (Ri- 
a) is transitioned to an active level, and then switches 
alternately between the voltage signals Vbk(+) and Vbk 
(-) (see FIG. 21) every vertical scanning period IV. This 
means that the subpixel 120a is driven in an alternate 
drive fashion. 

[0199] In the first mode, the display of the subpixel is 
performed depending on the storage content of the ca- 
pacitor Cm in this embodiment. If the white display or 
the black display remains unchanged on all subpixels 
120a from the first column to the n-th column on the (i- 
a)-th row, there is no need to drive the scanning signal 
Gi-a to an active level. An external circuit may supply 
the signal ENB at a low level (see FIG. 18) at the mo- 
ment the scanning signal Yi-a is transitioned to an active 
level. No voltage change occurs in the corresponding 
scanning line 112, no power is consumed by the scan- 
ning line 112 as a load, the third switch 1252 is not ac- 
tivated for switching. No additional power is thus con- 
sumed. 

[0200] The display operation responsive to the stor- 
age content of the capacitor Cm is individually per- 
formed on the subpixels 1 20b and 1 20c in the first mode. 
A gray scale display responsive to the area ratio of the 
subpixels is thus performed if viewed as a single pixel. 

< Second Mode > 

[0201] Discussed next is the second mode, in which 
the signal Mode is at a low level. The scanning signal 
from the scanning line driving circuit 1 30 is directly sup- 
plied to the scanning lines 112. Since the AND gate 1 482 
(see FIG. 20) is closed, the signal supplied to the display 
refresh control line 113 continuously remains at a low 
level. For this reason, the fifth switch 1256 continuously 
remains off in the subpixel 120a of interest at the (i-a)- 
th row and the j-th column. 

[0202] When the scanning signal Gi-a remains at an 
active level throughout one horizontal scanning period 
1 H in the second mode, the data signal Sj as the timing 
signal remains at a high level from the start of the hori- 
zontal scanning period 1 H to the moment corresponding 



to the value of the gray scale data Data of the pixel at 
the i-th row and the j-th column as shown in FIG. 26. 
The voltage signal VLCi-a supplied to the third signal 
line 145 at the (i-a)-th row becomes the ramp voltage 
5 signal rising or falling with time during the one horizontal 
scanning period 1 H throughout which the scanning sig- 
nal Gi-a remains at an active level. 
[0203] For the duration of time represented by (a) in 
FIG. 26, i.e., for the duration of time during which both 
the scanning signal Gi-a and the data signal Sj remain 
at a high level, the third switch 1252 is turned on and 
the fourth switch 1254 is turned on (see FIG. 25(a)) in 
the subpixel 1 20a at the (i-a)-th row and the j-th column. 
For this reason, in the subpixel 120a, the ramp voltage 
signal as the voltage signal VLCi-a is sampled at the 
subpixel electrode 1 21 8. 

[0204] For the duration of time represented by (b) in 
FIG. 26, i.e., for the duration of time during which the 
scanning signal Gi-a remains at a high level with the da- 
ta signal Sj as the timing signal being at a low level, the 
third switch 1 252 is turned on and the fourth switch 1 254 
is turned off (see FIG. 25(b)). In the subpixel 120a, the 
ramp voltage signal immediately prior to the turning off 
of the fourth switch 1254 is sampled and held by the 
subpixel electrode 1 21 8. 

[0205] For the duration of time represented by (c) in 
FIG. 26, i.e., for the duration of time during which both 
the scanning signal Gi-a and the data signal Sj remain 
at a low level, both the third switch 1252 and the fourth 
switch 1254 are turned off (see FIG. 25(c)). Since the 
ramp voltage signal is held by the storage capacitor Cm 
and the capacitance of the liquid crystal, the subpixel 
1 20a maintains a density corresponding to the held volt- 
age. 

[0206] In the second mode, the scanning signals Gi- 
a (Yi-a), Gi-b (Yi-b), and Gi-c (Yi-c) are concurrently driv- 
en to an active level (see FIG. 22). The third switches 
1252 in the respective three subpixels 120a, 120b, and 
120c constituting a single pixel 120 are turned on and 
off at the same timing. The fourth switches 1254 in these 
subpixels are also turned on and off as the same timing. 
The voltage signals VLCi-a, VLCi-b, and VLCi-c sup- 
plied to the third signal lines 1 45 become a ramp voltage 
signal for a period of time during which the scanning sig- 
nal Gi-a, Gi-b, and Gi-c remain at a high level. Since the 
subpixel electrodes 1218 at these subpixels hold iden- 
tical ramp voltage signals, the three subpixels provide 
the same density. If viewed as a single pixel, the three 
subpixels thus present a gray scale display responsive 
to the density. 

< Summary of the Second Embodiment > 

[0207] In the first mode in the electro-optical device 
of the second embodiment, the subpixels 120a, 120b, 
and 120c are turned on and off in response to the gray 
scale data Data, and a gray scale display based on the 
area gray scale method is presented. In the second 
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mode, a gray scale display having the same density is 
presented on the three subpixels 120a, 120b, and 120c 
forming each single pixel 120. The second embodiment 
requires only three switches per subpixel, and is has a 
construction simpler than that of the first embodiment. 
[0208] In the first mode in the second embodiment, 
the signals Ri-a, Ri-b, and Ri-c respectively supplied to 
the display refresh control lines 113 at the (i-a)-th row, 
the (i-b)-th row, and the (i-c)-th row are driven to an ac- 
tive level at the same moment the scanning signals Gi- 
a (Yi-a), Gi-b (Yi-b), and Gi-c (Yi-c) output to the corre- 
sponding rows are respectively driven to an active level. 
It suffices to drive the signals Ri-a, Ri-b, and Ri-c to an 
active level for a constant period of time in a predeter- 
mined order. 

< Layout of the Subpixels > 

[0209] In the first and second embodiments, the sub- 
pixels 1 20a, 1 20b, and 1 20c forming each single pixel 
120 are arranged in the Y direction as shown in FIG. 3. 
The present invention is not limited to this layout. Alter- 
natively, the subpixels 1 20a, 1 20b, and 1 20c may be ar- 
ranged in the X direction as shown in FIG. 28. 
[0210] In this arrangement, however, the scanning 
lines 112 must supply the scanning signal to each row 
of pixels regardless of the first mode or the second 
mode. The data lines 114 (the auxiliary data line 114') 
supplies individually the bits a, b, and c of the gray scale 
data Data in one horizontal scanning period 1H in the 
first mode. In the second mode, the three data lines 1 1 4 
corresponding to one pixel supplies the bits a, b, and c 
of the gray scale data Data at the same timing in one 
horizontal scanning period 1H. 

< Another Construction of the Scanning Line Driving 
Circuit > 

[0211] The scanning line driving circuit 130 in the first 
embodiment and the second embodiment includes the 
shift register 132 composed of latch circuits of (3m+1) 
stages, the number of which is greater than three times 
the number of rows of the pixels 120 by one, and the 
scanning signal selector 134 which outputs the AND 
gate output provided from adjacent latches in the shift 
register 1 32 to each of the scanning lines 1 1 2 in the first 
mode, while tripling the active period of the AND gate 
output and outputting the tripped active period of the 
AND gate output to every three lines of the scanning 
lines 112 in the second embodiment. Alternatively, the 
scanning line driving circuit 130 may be arranged as 
shown in FIG. 29. 

[0212] The scanning line driving circuit 130 shown in 
FIG. 29 includes a shift register 1 33 composed of latch- 
es of (m+1 ) stages, the number of which is greater than 
the number of rows of the pixels 120, i.e., m, by one, 
and a scanning signal selector 1 35. The scanning signal 
selector 135 includes AND gates 1356 for AND gating 
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the pulse signals output from adjacent latches in the shift 
register 133, and AND gates 1358 for AND gating the 
AND gate output pulse and each of control signals Pa, 
Pb, and Pc and outputting the AND gate output signal 
5 as a scanning signal. 

[0213] The AND gated signal Yspi from the AND gate 
1 356 is commonly fed to inputs of the three AND gates 
1358 corresponding to the scanning lines at the (i-a)-th 
row, the (i-b)-th row, and the (i-c)-th row. The other input 
of the AND gate 1358 at the (i-a)-th row receives the 
control signal Pa, the other input of the AND gate 1358 
at the (i-b)-th row receives the control signal Pb, and the 
other input of the AND gate 1358 at the (i-c)-th row re- 
ceives the control signal Pc. 

[0214] In this arrangement, the number of stages of 
the latches in the shift register 1 33 is approximately one- 
third the number of stages of the latches in the shift reg- 
ister 132. The active period of the pulse signal output 
from each latch circuit is extended by three times as 
shown in FIG. 30(a) and FIG. 30(b). The AND gated out- 
put of the pulse signals output from the adjacent latch 
circuits in the shift register 1 32, i.e., the active period of 
the output signal of the AND gate 1 356 is also extended 
by three times. 

[0215] In the first mode, in which the signal mode is 
at a low level, the control signals Pa, Pb, and Pc are 
pulse signals different in phase by 120 in the transfer 
period of the shift register as shown in FIG. 30(a). In 
response to these control signals Pa, Pb, and Pc, the 
active period of the output signal by the AND gate 1 356 
is divided into three segments to result in scanning sig- 
nals not overlapping each other. The scanning signals 
are then respectively supplied to the scanning lines 112 
at the (i-a)-th row, the (i-b)-th row, and the (i-c)-th row. 
[0216] In the second mode, in which the signal mode 
is at a high level, the control signals Pa, Pb, and Pc are 
continuously high level signals as shown in FIG. 30(b). 
In this arrangement, the output signal from the AND gate 
1356 is branched off into three lines, and the common 
signal is fed as a scanning signal to the (i-a)-th row, the 
(i-b)-th row, and the (i-c)-th row. 

[0217] In this arrangement, the scanning signals as 
those in the first embodiment and the second embodi- 
ment may be respectively applied to the scanning lines 
1 1 2. Since the number of stages of the shift register 1 33 
in this arrangement is approximately one-third the 
number of stages of the shift register 1 32, the construc- 
tion of the device is simple. The operational speed of 
this arrangement becomes one-third that of the first and 
second embodiment, and power consumption is thus re- 
duced. On the other hand, the control signals Pa, Pb, 
and Pc needs to be generated. 

< Modifications > 

[0218] In the above embodiments, the first mode 
presents an eight-level gray scale display based on 
three bit data while the second mode presents a sixteen- 
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level gray scale display based on gray scale data. The 
present invention is not limited to this arrangement. Al- 
ternatively, the same number of gray scale levels in the 
gray scale display may be used in the two modes. Many 
more number of gray scale levels may be employed. A 5 
color display may be presented by assigning the pixels 
to R (red), G (green), and B (blue) colors. 
[0219] In the discussion of the above embodiments, 
a normally white mode is employed which presents a 
white display with the subpixels turned off (and presents 1 ° 
a black display with the subpixels turned on). Alterna- 
tively, a normally black mode may be employed which 
presents a black display with the subpixels turned off 
(and presents a white display with the subpixels turned 
on). is 
[0220] In the above-referenced embodiments, glass 
substrates are employed for the element substrate 101. 
The element substrate 101 may be produced using a 
silicon monocrystal layer formed on an insulator sub- 
strate fabricated of sapphire, quartz, or glass and a va- 20 
riety of elements may be embedded on the silicon 
monocrystal layer using the SOI (Silicon On Insulator) 
technology. A silicon substrate may be used for the el- 
ement substrate 101 , and a variety of elements may be 
formed thereon. Since field-effect transistors may be 25 
employed as switches in this case, high-speed opera- 
tion becomes possible. When the element substrate 1 01 
has no transparency, the subpixel electrode 1218 may 
be fabricated of aluminum, or a separate reflective layer, 
and the liquid-crystal device may be used as a reflective so 
type display. 

[0221 ] Employed as the liquid crystal, besides the TN 
type, may be a BTN (Bistable Twisted Nematic) type/ 
ferroelectric type employing a bistable twisted nematic 
liquid crystal having memory, a polymer dispersed type, 35 
a guest-host type in which a dye (guest) having anisot- 
ropy in the absorption of visible light in the minor axis 
and the major axis of molecules is dissolved in a liquid 
crystal (host) having a predetermined molecular ar- 
rangement and the dye molecules and the liquid-crystal *o 
molecules are arranged in parallel. 
[0222] Perpendicular alignment (homeotropic align- 
ment) may be arranged in which the liquid-crystal mol- 
ecules are perpendicularly aligned with respect to the 
two substrates with no voltage applied, and aligned in 45 
parallel to the two substrates with a voltage applied. On 
the other hand, parallel (planar) alignment (homogene- 
ous alignment) may be arranged in which the liquid- 
crystal molecules are aligned in parallel to the two sub- 
strates with no voltage applied, and are perpendicularly so 
aligned to the two substrates with a voltage applied. The 
present invention may be applied to a variety of liquid 
crystals having various alignment methods. 
[0223] Besides the liquid-crystal device, the present 
invention is applied to a diversity of electro-optical de- 55 
vices including electroluminescences (EL), or the elec- 
tro-optical effect based on fluorescence by plasma 
emission or electron emission. In this case, the electro- 



optical materials may include EL, a mirror device, gas, 
fluorescent materials, etc. When the EL is used as an 
electro-optical material, the EL is interposed between 
the subpixel electrode 1218 and the counter electrode 
of the transparent, electrically conductive layer, and the 
counter substrate 102 is thus dispensed with. 
[0224] The present invention is thus applicable to 
electro-optical devices having a construction similar to 
the ones discussed above. 

< Electronic apparatus > 

[0225] Several specific examples of electronic appa- 
ratus using the above-described liquid-crystal device 
are now discussed. 

< Electronic apparatus 1 : Projector > 

[0226] Discussed first is a projector which uses the 
electro-optical device 1 00 of each of the above embod- 
iments as a light valve. FIG. 31 is a plan view showing 
the projector. As shown, the projector 2100 includes a 
lamp unit 21 02 composed of a white-light source such 
as a halogen lamp. The light beam projected from the 
lamp unit 21 02 is separated into three RGB color beams 
through internally arranged three mirrors 21 06 and two 
dichroic mirrors 2108. The three color light beams are 
then guided to respective fight valves 100R, 100G, and 
1 0OB. The light valves 1 00R, 1 00G, and 1 00B are iden- 
tical in construction to the electro-optical device 1 00 of 
each of the above-referenced embodiments. Each of 
the light valves 1 00R, 1 00G, and 1 00B is driven by the 
primary three R, G, and B color signals supplied from 
processing circuits (not shown) receiving a video signal. 
The blue color beam travels along a path longer than 
those for the red and green color beams. To prevent 
loss, the blue color beam is guided through a relay lens 
system 2121 , composed of an incident lens 2122, a re- 
lay lens 2123, and an exit lens 2123. 
[0227] The red, green, and blue light beams respec- 
tively color-modulated by the electro-optical devices 
1 0OR, 1 00G, and 1 00B are incident on a dichroic prism 
2112 in three directions. The red and blue color beams 
are refracted at 90 by the dichroic prism 2112, while the 
green color beam travels straight. The three color imag- 
es are synthesized, and a synthesized color image is 
then projected by a projection lens 2114 onto a screen 
2120. 

[0228] Since the three primary color beams are inci- 
dent on the light valves 100R, 100G, and 100B through 
the dichroic mirrors 2108, the light valves 1 00R, 1 0OG, 
and 100B need no color filters. 

< Electronic apparatus 2: Mobile Computer > 

[0229] Discussed here is a mobile computer incorpo- 
rating the above- referenced electro-optical device 1 00. 
FIG. 32 is a perspective view of the construction of the 
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mobile computer. The computer 2200 includes a main 
unit 2204 having a keyboard 2202, and the electro-op- 
tical device 100 as a display unit. The mobile computer 
includes a back light unit (not shown) for higher visibility. 

< Electronic apparatus (3): Mobile Telephone > 

[0230] Discussed next is a mobile telephone incorpo- 
rating the above- referenced electro-optical device 100. 
FIG. 33 is a perspective view of the mobile telephone. 
As shown, the mobile telephone 2300 includes a plural- 
ity of control buttons 2302, a earpiece 2304, a mouth- 
piece 2306, and the electro-optical device 100. In this 
arrangement, the first mode is preferably selected in a 
standby state, and the second mode is preferably se- 
lected in a busy state. The liquid-crystal panel 1 00 on 
the back thereof is also provided with a back light unit 
(not shown) for higher visibility. 

< Summary of the Electronic apparatus > 

[0231] Besides the electronic apparatus described 
with reference to FIG. 31 through FIG. 33, the electronic 
apparatus of the present invention may be any of a di- 
versity of electronic apparatus including a liquid-crystal 
display television, a viewfinder type or direct monitoring 
type video cassette recorder, a car navigation system, 
a pager, an electronic pocketbook, an electronic table- 
top calculator, a word processor, a workstation, a video 
phone, a POS terminal, and an apparatus having a 
touch panel. These pieces of electronic apparatus may 
incorporate the electronic devices of the above embod- 
iment and modifications. 

[0232] In accordance with the present invention, a 
high-quality display free from nonuniformitiesis present- 
ed because the data line is not provided with an analog 
signal regardless of the first mode or the second mode. 



Claims 

1. A driving method for driving an electro-optical de- 
vice in which subpixels are arranged at each of the 
intersections of scanning lines running in the direc- 
tion of rows and data lines running in the direction 
of columns and a plurality of subpixels adjacent to 
each other are grouped as a single pixel in the driv- 
ing thereof, the driving method comprising the steps 
of: 

turning on and off each subpixel of the single 
pixel in response to gray scale data indicating 
the gray scale of the pixel in a first mode; and 
presenting common gray scale on the subpix- 
els of the single pixel in response to the gray 
scale data for the pixel in a second mode. 

2. The driving method for driving an electro-optical de- 
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vice according to claim 1 , wherein, in the first mode, 
a subpixel at an intersection of a selected scanning 
line is turned on and off in response to a corre- 
sponding bit of the gray scale data of the pixel in- 
5 eluding the subpixel. 

3. The driving method for driving an electro-optical de- 
vice according to claim 2, wherein, in the first mode, 
the subpixels constituting the single pixel maintain 
10 corresponding bits of the gray scale data indicating 
the gray scale of the pixel corresponding to the sub- 
pixels, and the subpixels are tuned on and off in re- 
sponse to the corresponding bits. 

15 4. The driving method for driving an electro-optical de- 
vice according to claim3, wherein, in the first mode, 
the subpixels are turned off regardless of the main- 
tained bits thereof and thereafter the subpixels are 
turned on and off in response to the maintained bits. 

20 

5. The driving method for driving an electro-optical de- 
vice according to claim 4, wherein when the subpix- 
el is turned on, the subpixel is first turned off, and 
thereafter the on polarity of the subpixel is inverted 

25 with respect to a reference level. 

6. The driving method for driving an electro-optical de- 
vice according to claim 1, wherein, in the second 
mode, the subpixel at an intersection of a selected 

30 scanning line is supplied, through the data line, with 
a timing signal for sampling a time-varied voltage at 
a timing corresponding to the gray scale data of the 
pixel including the subpixel. 

35 7. The driving method for driving an electro-optical de- 
vice according to claim 1 , wherein, in the first mode, 
the scanning lines are selected on a line by line ba- 
sis, 

40 wherein, in the second mode, when subpixels 

grouped as a single pixel are adjacent to each 
other in the column direction, the scanning li nes 
are selected on a plurality of lines at a time ba- 
sis with the number of the plurality of lines equal 

45 to the number of subpixels constituting the pix- 

el, and 

wherein, in the second mode, when subpixels 
grouped as a single pixel are adjacent to each 
other in the row direction, the scanning lines are 
so selected on a line by line basis. 

8. The driving method for driving an electro-optical de- 
vice according to claim 7, wherein the polarity of the 
voltage supplied to the subpixel is inverted with re- 

55 spect to a reference level each time the scanning 
line is selected. 

9. A driving circuit for driving an electro-optical device 
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in which subpixels are arranged at each of the in- 
tersections of scanning lines running in the direction 
of rows and data lines running in the direction of col- 
umns and a plurality of subpixels adjacent to each 
other are grouped as a single pixel in the driving 
thereof, the driving circuit comprising: 

a scanning line driving circuit which selects the 
scanning lines on a line by line basis in a first 
mode while in a second mode selecting the 
scanning tines on a line by line basis or on a 
plurality of lines at a time basis with the number 
of the plurality of lines equal to the number of 
subpixels constituting the single pixel; and 
a data line driving circuit which supplies the 
subpixel, at an intersection of a scanning line 
selected by the scanning line driving circuit, 
through the data line, with a signal for an on or 
off operation in response to a corresponding bit 
of gray scale data of the pixel including the sub- 
pixel in the first mode, 

while in the second mode, supplying the sub- 
pixel at the intersection of the selected scan- 
ning line, through the data line, with a timing 
signal for sampling a time-varied voltage at a 
timing corresponding to the gray scale data of 
the pixel including the subpixel. 

10. The driving circuit for driving an electro-optical de- 
vice according to claim 9, further comprising an en- 
able circuit for disabling the selection of the scan- 
ning line in the first mode when there is no change 
in the on/off state in the subpixel corresponding to 
the scanning line selected by the scanning line driv- 
ing circuit. 

1 1 . A driving circuit for driving an electro-optical device 
which selects, through a scanning line, a sub-pixel 
arranged at each of the intersections of scanning 
lines running in the direction of rows and data lines 
running in the direction of columns and groups mu- 
tually adjacent subpixels as a single pixel to cause 
the pixel to present a display, 

wherein the scanning lines are selected on a 
line by line basis in a first mode, while in a second 
mode the scanning lines are selected on a plurality 
of lines at a time basis with the number of the plu- 
rality of lines equal to the number of subpixels con- 
stituting the single pixel. 

12. The driving circuit for driving an electro-optical de- 
vice according to claim 11 , further comprising: 

a shift register for successively outputting a 
pulse signal; and 

a logic circuit which controls the pulse width of 
the pulse signal in the first mode so that the 
pulses of the pulse signal do not overlap each 



other, while, in the second mode, controls the 
pulse width of the pulse signal to be wider than 
the pulse width of the pulse signal that is con- 
trolled to select the scanning lines on a line by 
5 line basis, 

and outputs one of the controlled pulse signals 
to the scanning line to be selected. 

13. The driving circuit for driving an electro-optical de- 
10 vice according to claim 1 1 , further comprising: 

a shift register for successively outputting a 
pulse signal; and 

a logic ci rcuit which splits the pulse signal in the 
is axis of time in the first mode so that the pulses 

of the pulse signal do not overlap each other, 
while, in the second mode, controls the pulse 
widths of the pulse signal so that the pulses of 
the pulse signal do not overlap each other, 
20 and outputs one of the split pulse signal and the 

controlled pulse signal to the scanning line to 
be selected. 

14. A driving circuit for driving an electro-optical device 
25 which drives, through a data line, a sub-pixel ar- 
ranged at each of the intersections of scanning lines 
running in the direction of rows and data lines run- 
ning in the direction of columns and groups mutually 
adjacent subpixels as a single pixel to cause the pix- 

30 el to present a display, 

wherein in a first mode, the subpixel at an in- 
tersection of a selected scanning line is sup- 
plied, through a data line, with a signal indicat- 
es ing an on/off operation in response to a corre- 
sponding bit of the gray scale data of the pixel 
including the subpixel, and 
in a second mode, the subpixel at the intersec- 
tion of the selected scanning line is supplied, 
40 through the data line, with a timing signal for 
sampling a time-varied voltage at a timing cor- 
responding to the gray scale data of the pixel 
including the subpixel. 

45 15. The driving circuit for driving an electro-optical de- 
vice according to claim 13, further comprising: 

a first ci rcuit for outputting a signal indicating an 
on/off operation in response to a corresponding 
50 bit of the gray scale data of the pixel including 

the subpixe! at the intersection of the selected 
scanning line; 

a second circuit for outputting a signal that be- 
comes active for a period corresponding to the 
55 gray scale data of the pixel including the sub- 

pixel at the intersection of the selected scan- 
ning line; and 

a selector which selects a signal from the first 
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50 



circuit in the first mode, while selecting a signal 
from the second circuit in the second mode, and 
the selector supplies the data line correspond- 
ing to the subpixel with the selected signal. 

16. An electro-optical device in which subpixels are ar- 
ranged at each of the intersections of scanning lines 
running in the direction of rows and data lines run- 
ning in the direction of columns and a plurality of 
subpixels adjacent to each other are grouped as a 
single pixel to cause the pixel to present a display, 

wherein each subpixel in the single pixel is 
turned on and off in response to a correspond- 
ing bit of gray scale data of the pixel including 
the subpixel in a first mode; and 
the subpixels forming the single pixel present 
common gray scale in response to the gray 
scale data indicating the gray scale of the pixel 
in a second mode. 

17. The electro-optical device according to claim 16, 
further comprising: 

a first signal line which is applied with a voltage 
for turning on the subpixel in the first mode 
while being applied with a time-varied voltage 
in the second mode; and 
a second signal ii ne which is applied with a volt- 
age for turning off the subpixel in at least the 
first mode, 

wherein the subpixel comprises: 

a first switch which is turned on and off in 
response to a signal supplied to a corre- 
sponding scanning line; 
a storage element for storing the content 
corresponding to the signal level at a cor- 
responding data line when the first switch 
is turned on; 

a second switch which selects between the 
first signal line and the second signal line 
in response to the storage content of the 
storage element in the first mode, while 
sampling, in the second mode, the voltage 
applied to the first signal line at the timing 
of the gray scale data of the one pixel of 
the subpixels during the on period of the 
first switch; and 

a subpixel electrode applied with the volt- 
age selected or sampled by the second 
switch. 

18. The electro-optical device according to claim 17, 
wherein each subpixel includes a storage capacitor 
for storing the voltage applied to the subpixel elec- 
trode. 



19. The electro-optical device according to claim 18, 
wherein the storage capacitor is configured with 
one terminal thereof connected to the subpixel elec- 
trode and with the other terminal thereof connected 

5 to a constant-potential signal line. 

20. The electro-optical device according to claim 19, 
wherein the second signal line is applied with a volt- 
age for turning off the subpixel even in the second 

10 mode, and is used as the constant-potential signal 
line. 

21. The electro-optical device according to claim 18, 
wherein the storage capacitor accounts for the area 

15 of the subpixel electrode. 

22. The electro-optical device according to claim 17, 
wherein the storage element includes a single ca- 
pacitor, and is applied across the two terminals 

20 thereof with voltages having mutually opposite sig- 
nal levels in the first mode. 



23. The electro-optical device according to claim 17, 
wherein the storage element includes two capaci- 
tors which store mutually opposite charges in the 
first mode, and the one-side electrodes of the two 
capacitors are together connected to a constant-po- 
tential signal line. 
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24. The electro-optical device according to claim 23, 
wherein the second signal line is applied with a volt- 
age for turning off the subpixel even in the second 
mode, and is used as the constant-potential signal 
line. 

25. The electro-optical device according to claim 17, 
wherein the subpixel comprises: 

a logic element for controlling the second 
switch, 

wherein a first supply line for supplying the logic 
element with a low voltage of a power source 
and a second supply line for supplying the logic 
element with a high voltage of the power source 
are alternately arranged in the direction parallel 
with the scanning line or the data line. 

26. The electro-optical device according to claim 17, 
wherein the first switch is of a complementary ele- 
ment. 

27. The electro-optical device according to claim 17, 
wherein the second switch is of a complementary 
element. 

28. The electro-optical device according to claim 17, 
wherein both the first switch and the second switch 
are of a complementary element. 
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29. The electro-optical device according to claim 16, 
further comprising: 

a display refresh control line provided at each 
row for supplying a refresh command signal for 5 
refreshing the on and off state of the subpixel 
in the first mode; and 

a signal line which is provided at each row and 
supplied with an off voltage signal for turning 
off the subpixel when the refresh command is io 
given to a corresponding row, while an on volt- 
age signal for turning on the subpixel when the 
refresh command is not given in the first mode, 
while, in the second mode, being supplied with 
a time-varied ramp voltage signal when a cor- is 
responding row scanning line is selected, 
wherein the subpixel comprises: 

a third switch configured with one terminal 
thereof connected to the data line of a cor- 20 
responding column, and turned on when 
the scanning line on a corresponding row 
is selected; 

a storage element for storing a signal level 
at the other terminal of the third switch; 25 
a fourth switch configured with one termi- 
nal thereof connected to the signal line at 
the corresponding row and turned on and 
off in response to the signal level at the oth- 
er terminal of the third switch; 30 
a fifth switch configured with one terminal 
thereof connected to the signal line at the 
corresponding row and turned on when the 
refresh command is given to the corre- 
sponding row; and 35 
a subpixel electrode commonly connected 
to the other terminals of the fourth switch 
and the fifth switch. 

30. The electro-optical device according to claim 29, 40 
wherein each subpixel includes a storage capacitor 

for storing a voltage applied to the subpixel elec- 
trode. 

31. The electro-optical device according to claim 30, 45 
wherein the storage capacitor is configured with 
one terminal thereof connected to the subpixel elec- 
trode and with the other terminal thereof connected 

to a constant-potential signal line. 

50 

32. The electro-optical device according to claim 30, 
wherein the storage capacitor accounts for the area 
of the subpixel electrode. 

33. Electronic apparatus comprising an electro-optical 55 
device according to claim 16. 
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□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
Q"*FADED TEXT OR DRAWING 
aijLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHmiT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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